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an inner race (202), an outer faca {203A); a cage (209) 
sandwiched i^n between the inner race (202). the outer 
race {200A)> and baits (204) |>fof0!Bfc>iy at \&m eovmi 
A c^os^SEng mg\& b^ivumn a ceniral axis of the Ef mef face 
and a c^ntr^iS axis of the outer is bisisctsd, and th(& 
baisd are disposed within a bisection plans ojihogonai 
to a p\am including tXmm mo c^Hitrat i^xes. 

If a ratio t^jrO^ ss set to r^. them b sai^stisd a riela- 
tbnship sud^ as: 

Whom is ths nnajof diamster of sach ball (204)^ w ?s 

the cjrcumftJf enc^-dsfectionsi^ width of ^mh of the cot- 
umn mambar5i {1 30) sxi sting b^tm^sn ih^ pockets (110) 
adjac^Pst to each other tn the csrcumlefentsa^ dsrectton 
with mspQCt to ih© cagQ (209). and t^. is the diameter- 
difisctions! thfckness of ead? oi ^he colutrjn rt^errsbers 
(130) oHhe cage {.209). 
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description 

[0001] Thfs appEjcaiion c^sjma the bmms o\ Japme^B AppUcmor^ Hos. 10-104835, 10'£06249 and 

10 -226142 v^tiich aro hereby trfcorporaied by toimmco, 

BACKGROUND C? THB mBmiOH 

w [0002] Th§ preaer^J Inventiorv f slates to a constanf velocity joint and a wheel-support fo3hng bearing unit jncorporating 
the ooristam vsbc^ty joim 

[OC503] A vvh&ef- support rcjj?n^ bisarsng unl! according to the pftssenf invention Is so-called fotirth -general ion hub 
unit, and ^^ijlf^ed for suppofttng; the drive vvheete {(wlrtch imp^y front wheels of m FF cai (ffon^Hgngine fj-ont-drive car), 
rear whosEs of an FR car (fmnt-^rtgine fear-drive car) of an RR car (reiar-engEris rear tirh/e car), «nd whote whef^ls of 

J5 4WD oar {fouF-xivhoel dr jv^ oar) } held on the Indopondent suspension so that ?ho driv^ wheola am rotatable about ths 
suspensfon. 

[0004] A conf>1ant veSoctiy p?nt according to the presf^nt invantton inte9ra][y incorpofatad into a ro\mg bmmg im\\ 
tor supporting drive \^0e3s on. o.g., an i?idepcndent SLfSponsion, and i}UMo6 lor transmjUing a d^^/^r^g tcrce from a 
transmission to the dfivo wheels. 

Related Backgrourtd Art: 



fOQOS] A constsrU vebc% pm{ provided betw^ser] a transmtssion oi an auto>Tiobi|s and a drivsj whsel supporjisd 
ojT an jndep^ndejTl suspension. ^A-^esreby a driVEng force {Iractbn} of an engtne is tranemltJable to the drive w^iae] at 
th'R sarrje angular spead iabng an mWm persph^ry irrespedivs of a relativ© dtspbcerrjent be^wsen a d;ffsrs^^^^a^ gear 

and tho drive wi^oo^ and of a $toori?ig anglo gtvon to tho ^vho&l. What has hijhorto boon knowr: as the constant voloctty 
joint used lor such a mechanism, is disclosed, e.g.. Urifiod Stalos Psitent 3,324:682; Uniled Slate$ Paienl 0,412>580 
and United States Patent 4,589,857 

[0006] This type of constant vslocfty joint 1 vyhioh has b^en known so far ss constructed so that a rotary fores is, as 
so shown m, a g , FiGS. 21 - 23, tfasiSfTiJtted between m inner race 2 and an ou!er race 3 through sb( pieces of balJs 4, 

4. The innar race 2 ts fixed to an external sid^ and (a left side end in FsG. 21} of om shaft 6 fo-atiOBaiiy driven by the 
transmission.. Ftj:tlher the cuter mm 3 is fixed to an intemai sjde end (a rtght side end in FIG. 2i) of another shsifJ 6 
lor fixing the drive wheel Six eireaks of inner engagement grooves 7, • 7 each iaking s cifcylar arc ehape in section 
ar® formed h m oyS©r periph^raJ surface Sad the tnner race 2 In s dsrecllon right-^nglsd to a circurrrferenilaj dtrection 

^ at sn equal inte-Yal in the circynriferentiai direction. Six etimks of outer engagsmenl grooves 8 eaoh taking the 
circuiar arc shape in se^ction are Sskewise formed m an outer peripheraE surtacs 3a of the outef mcB 3 in positions lacing 
to tho inner engagement grooves 7. 7 tn the dkeotio}"^ rl^ht angled iothe eifcumforantsat direction 
[0007] A cage 9 assuming a circular arc ^ape in section but an annular §hape on the whoje is sandwiched in between 
the outer per tphenal surface 2a of the inr^er race 2 ^nd the Inmr peripheral surface 3a of the outer race 3. Pockets 10, 

'^o 10 are formed in poeiiions aliened with the two groups of inner and ouler engagement grooves 7, 8 as wetl as in six 
positions in the eircumferer^tiai direction of the oag§ 9, ar^d toiaify m pieces of bam 4. 4 are held one by one inwarofy 
of each of Ihe pockets 1 0. 1 0. T.hese balk 4 4 are t:ap«b?e of lollif ^g aSof jg the two groups o? iriner and ouier angagerf lent 
grooves 7, 8 in a state of being held in the pockets 10, 10. 

[00083 ^^^^ pockets 10, 10 Bt^, as illustnsted In FIG , 23, each tak^s a rectangular shape elongated in th« cifcumter- 

^5 antiai direct m. and stajctured to, even when a spacing bet\veen the bsM 4 4 adjacent to each other tn tha circt^m- 
ferential direction might change wsth a vahation in an axis^ crossing angle a which wiy heresnafter be explained., atjsorb 
this change, Narfiely> a positfeonai retatsorishsp between bottom ^urfisoes 7a. 7a of the jnner en^agemafit grooves 7, 7 
and a positlonat r^^latlwshlp between boitom surfaces BB: 8a of ihe outer engagement grooves S. B, bscome such ^is 
a relationship ot the iongptiide isnss on a gioba as indicated by the one^c^ted chaJrt line \n RQ . 24. If the cet^traJ axis 

^0 of -he mner race 2 is concer^tric with the central axis of the oytef race (the a>:ia^ crossing angle a -^^ 180^ ). each oi the 
baiis 4, 4 exi:sts h the Vfom^ cl a posittorj corresponding to the equator on the giobe which is indicated by the Jwo- 
ck>tt0d mo m fig. 24. Wlisr^sas it the central axis of tho innsr raco £ not concenlrsc wsth tm central axis ot iho outer 
race tiha imui crossing angle a < ISO* X ^^^^ ^^^^ *^ 4 displace In rcjciprocHttion (displaces altcjrriately h the difecllon 
of the North Pole and in th© direction of the South Pole on the gbbe) in the up-and-down direction in FIG. 24 with a 

^5 rotation of the constant veSocijy join! 1 . As a resuil, the spacing between the balls 4., 4 adiacent to each olber in the 
ctroLimtereruiai direction cnanges, and hence the packets 10, 10 eacti takea tfie rect^ifigtij^sr ^t3ape eJangaiec^ jr^ the 
clrcusTjferentiat dtrsctio?^, thefsby enabling the spacing thsrebetween to change. Note that tha bottom surfaces 7a, 7a 
of the inner engagermnt grooves 7, 7 and the bottom surtaces 8a> 8a of the OKtsr engagement groovss 8, 8, am not 
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concentf EG with each oihsr as obvjotfs i wm the e^cplanation vMilch foliows. Aocordirsgly, Jh$ lin^s corresponding to the 
[Ofsgiiudei [ines exist in positions slight fy deviating frojii each oihm for ^svefy coftvaspondfng angagement gstfOve 7 or 8. 
[0009] Further, as shown in FIG. 2t, Ihs balls 4. 4 are disposed within a bisect icr; plane c whtch bisiJds i^e axial 
crossing angte a between the two shafts 5, 6. i.e. . angte a made by tv>?o lines a and b at a point'Ot-ir^terssctfon O 

5 betwee?> a central Nne a of aie shaft 5 arsd a cecstrat «n€ b cf the othes shaft 6. ThefsfoO: the bottof^^ suftaces 7a, 7a 
of inner fjngag^jmertj grooves 7, 7 ?:re Jocated on a sphi*5rica^ surfaces wh^^retn a pobJ d ^sxtsiing away by h from the 
point-otHntef-s^otion O on the oenija^ m is centered, and the bottoj^i au?1ac<gs 8a, Ba o\ the mner engagement 
grooves^ 8, 3 f^re Eocated on a sph^srical suFtace ^^tjei^ein a po^nt q QxisWng awi^)/ by h Iront the? point-of-iniersoiCt^Ofi o 
on Urn coniral ^ios b !S centered The outer penpheral suf j'ace 2a of the ionef race 2, the Innef peripheral surface 3a 

w of ihe outer race and two inrver and outer periphemi surfaces ol the cage 9, are, however, located on the spherical 
suj-face With ths poiot of-Sjitsrssction O bsing ceiritsrod, thereby ensibiif^g the outar pcsipher^il stsffac^ 2a oJ the inner 
race 2 and tie inner peripheral sufface me cage 9 to slide each other, and also the otiser peripherai surface 3a 
of the oiJter face 3 and the out'^t peilpheral eujiace of tbe cage 9 to $tide ors ^ach other,. 

[001 0| In the casa of the thus constructed conslBni ve^ocHy jotni 1 , wher^ \hG inner race 2 is related foy one shall 5, 
J5 this rotary motion i§ transmitted vsa the six bails 4, 4 to the outer rae& 3, whereby the other shaft 6 rotates. If a positional 
re^atjonshsp {which impSies th^ axial crossing angje a ) between the two shafts 6, 6 chartges. the baffs 4, 4 rdl atong 
the [wo gfoaps of iBnarand C4;^ef engagermn^ grocves, thus allo^vsng ^he dssplacemerjJ between one shall 5 and Ihe 
oth0- snafi S 

[0011] The basic structyre and op^jfatton of the ccsfistcjnt veioctty jpjnt are m described above TIte bam ^tructuio 
^ and operation of the consJanl velocity {otnt ^lich have beers explained referring lo HO. 21 are applied to Ihe present 

tnvention and the emDod^imants thereof which will be discussed later on. 

f00123 On the other hand, it has been a technical pursuit over the rmmi years that the constaj>t velocity joint de- 
scribed above is combined integrally with a vvheei-suppoN: rolling bearing un?t .^or rotaSably supporting the wheeS on a 
su&per^sion. Namely, the operation of rotatably supporting the wheel of an aistomobl^e on the suspension involves the 
use of th«5 wha^l-sypporl rolling bearing unit in whsch the outer race jand the irjner race are rotatabfy connbined through 
rOiil?ng members, it the thus constructed whoei-sifpport rotiing beanng mil is combined integral wtth the abovo-<5e- 
scribed constant veEociiy joint, the whe^Jl-support roll in g: bearing unit and the constant veSoci^y joim can be so con- 
structed as \o be downsized ar^d to reduce weights thereof on Jhe who^e. Whal has hitherto been well known as the 
<,^eet support roiling bearing uml i.e., a. so-called fourthgeneration hub uni? structured to integrally combine the wheel- 
so support foliing bearing unit with the oc«istant velocity joint, is disclosed m Japartese Patent Application Laid-Open 
Pubtication Mo.7-31?754. 

[0013] FIG. 25 shows a prior arl: structure disclosed m the same Pubiication. An outer race 11 . which does not rotate 
in a state of bseng supported on the suspension as well as in a state of being assembied to a vehicle, Includes a first 
fitting flartge 1 2, forrr^ed on art outer periphencit surface thereof, for supporting the wheel on Ihe suspension^ and plural 
trains of outer race tracfe 13, 13 formed aloj'ig art inner perjphefBf surface, respactive^y A hub 16 constructed by 
oo^Tibining tirst and second inner race members 14, 15 is disposed inwardfy of the outer race 11 The first Inner race 
member 14 of ihe^e tifstand second inner race members 14, 15 is formed in a cySindrical configuraUan ana includes 
a seconcJ fitting flange 1 7^ pr evicted at a portion, closer to one side end {orj a lets side in FIG. 25). on the outer peripheral 
surface, for supporJing the wheel and a first inner race track 1S provided at a portion cioser to the other side end (on 

'^o a ngh\ sice m f\Q. 2% respectively VVhii-e on the othar hand, the second inner raoe member 1 5 Incksdes a cyflndfical 
portion 1 9> provlde^d at one s^da end {a laft sJda end in FIG. 25), for externa^Sy fixedly fitting the tir^ Inner raoe member 
14; an outer race SA fof a oonsiant velocity jdnt la. which i$ pruvldod at ^he other side m^d (a iighi iside end In HQ. 
26), and a second Inner race track 20 formed in ari outer penpheraf surface of an intennediate portion. Then, a psuj^llty 
of roiling members 21 and another piuri^itty of rolling members 21 are provided between the outer race tracke 13. 13 

^5 and the fi rst ^md secc^d In^er mm Iraok s 1 S ,, 20, \^i'hef eby t he hub 1 6 i^ rota bly s upper led ^ n wardly of ihe ou • e r race t] . 
[00141 FLtfthe^j engagement grooves 22. 23 are formed in positions s Signed wsth each other on the inner pehpheraJ 
surface of the first mmt race member 14 and on the outer peripheral surlace of the second inner race member 15, 
and a etop ring 24 is provided in a state ot bridging ^he two er^gagerneni grooves 22. 23: thus preventing the first inner 
race member 14 from coming of? the second inner race member 15. FirrJhet a portlcwi between an outer pertphejBf 

^0 edge of one skie end surface {a lefi side end surface in Fii^S. 25) of the second inner mcB membar 15 and an ^nnar 
peripheral ed^e of a stepped postson 25 formed on the irjner peripheral auriace of fhe first inner race member 14, :is 
welded 26> thereby fixed^ jolrsin^ the first arid seccwid Inner race membere 14, 16 to each other. 
[0015] MoEeover covers 27a, 27b each taking substantlslSy a cylindfiotii shape and oojifiposed of a melal sudi as a 
stainless steel Bic and annular seal rings 2Sa. each composed of an etastic materia? such a;S elastomer Ijke a 

^5 rubber, are provided between openings formed at both side ands of the outer race 11; and the outer peripheral surface 
of the iriterrriediate portiofi ot ti^e hub 16. The covers 27a; 27b and seal rings 2Ba, 2Sb mt otJ the poJtions pfovided 
with the plumlity of roiling members 21, 21 fixsm outside, thereby preventing graase existing In those portiotis Uom 
[aakfeig outside and also pr eventing foreign matters such as min water and dust§ sto from permeating ttK>ee portioris. 
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Mor90verj a screen board 29 for closing th^ snsl^e of ihe second inner race member 16 provided inwardly of she 
[ntermediate porJion of the secand inner race m^smber 1 5^ th^raby ensyrfng a f igtdity d tha second innsr mce member 
15 ana preveniing thfs foreign mji^l^fs from arriv/lng ^it ihs ccnstant vafocsty pint 1a, which have eritered ihci inter iDr o? 
ih^ second \mm race m^^mber 15 trom an op^n^ng at ihs tront side end (a fett s-sdo eiid in Ff G. 25) of tho second innsr 
5 fuce FTsembei 1 5. Note ihaX the corsststnt vslociiy jojnt 1 a is coristrucled m ihe sairie way as that of the constant vetetJy 
joint 1 pr^vbusE^^ fJiustrj?rtad m F^CaS. - 

When assembling the thus constructed wt^eel-suppon roflsng basrsng unit to the vehicle, the outer race 11 
supported through trm flm TMng Mng^ 1 2 on \m suspension^ and the whoci dafjn^d as a drsvo whc^l ts fixi?d itirough 
th«5 second \Mng ffange 17 to fsf^t raco niornber 14, Fuaher, a frof*^ side end of an iinftJi^stfaitJd dnv^i shaft 
roMlonsily driven by an engine throy§h b transmission, is spSne-^angaged wtfh the Enside of the \nmr mcB 2 constituting 
the constsnl vefoclty joint 1 a. When the automobile tnavste, rotations of this snner racs 2 am transrrdtted via the p i ura iity 
o[ balls 4 to Ehe hub 16 including the second inner mm m-3mb>3r tS, thereby fotj^itoj^^^ dri^^lng the wheei 
[001 7j For attatri: iirsg t utther dovvnsizing of the f our Jh-gene lat ion wt^ eel-sti pport r o JJing bes^ f sn 9 un it desc ti bed abov8. 
EE Is eltective lo rediice a diameter of a circumscribing ctrde at each oJ the pluraii^y of balls 4 4 constituting ths consii^ni 

velocity {oint 1 a Then, the diameter of each ot tho bails 4, 4 b reduced fordecreasing tho dtameter of the circumscrlising 
clrcfe, and bsssdes it is required for securing a torque transmittable through the constant velocity joint la Jhat the 

number of the balil^s 4, 4 be incr(;ased. ifvbreover. under Sifch c^rctirn&tance^j, even when incfeastng thti nj-jmber of 'he 
baiSs 4, 4. ths^ might be a neces^iiy for ensuring strength and durabJlHy 0I each of column members 30, 30 (sse FIGS. 
22, 23. 27 and 29 to 31) ©xtsting between tho plurality of pockets 10> 10 j>fDVlded in the oago 9 in order to secure a 

^ dujabinty of the cage 9 for holding the respective baits 4, 4 

[001 0J The reason why whsn the number cl the balls 4, 4 is mcreasad from 6 up to B. there rises a rate ot the batis 
occupy ir^g tho cage in the circujTiforentfal difectton even if a malar dtarneter 0^ m reduced to some extent. As a result 
a clfciiinr!?fir€3nce-difoction<ii width of each of the coiumn nriembers 30. 30 (FIGS. 22 and 23) existtng between the 
pockets 10. 10 adjacent to each other in th^ circuiTJfsfenttal direction, is narrowed, and there i§ a cJeffCiertcy In terms 
of a rigidity of the cag^ 9, which nnight lead to a poseibiiily in whtch damages such as cracks etc occur at a peripherai 
edge ot each of the pockets 10, 10 Wfth a long -term mo^ NarTjely If the oo^!^^a^t velocity psnt la operated In a state 
ot giviog a joint angle (^^t which a posHional reiaiEonshtp belwaen the cenifisti ax^s of tho inner rme 2 and the cef^tral 
jTOcis of the oal&f race 3A deviates from a ractilinearily. i.e., a supplemental^ sngte of the axtal crosstng angie a,^hovvn 
in FIG. 21 ), the respective balls 4, 4 receive forces bb Indicated by arrowheads a, a in RGS, 26 and 27 from the bottom 

so surfaces 7a: Ba ot the two ir^ner and outer SE^g^gement grooves 7, S. Then, the bails 4. 4 are ppsssed by a resultant 
force of the forces indicated b^^ the arrowhe^ids a, a against m hMBmBdkm portion ot an imer surface ot the rim 
portion 31 of the cage 9'. As a resull a moment load, with a cor^nectlng ponkm io\h& column members 30. 30 beiog 
centered, is applied to the rim portion 31 . and a stress is applied to this coj^rtect ing portion This stress becomes greater 
as a lenglh of each erf Jhe pockete 10, 10 in the clrcumJerenJiai direclion becomses larger, and as the lersglh dimension 

^ of each of the column members 30, 30 m the circumfereiitiaf direction becomes smaller. w\h the result that the 0011- 
necting porton is eassiy damaged lEka cmckB etc. Such being the case, It is s*equlred for ensuring ^he ample dumbilsty 
of the cage 9 that the iicngth dimension of each ol IhB pockets 10. 10 in Jhe clrctimtefentlal diroctron be reduced and 
that the length dimension, in ttie oircumfereniial direction^ ol each of the cotumn members 30> 30 adjacent to each 
olher in the clrcumferentiai directior? be ir^creased 

m [001 9| The process of mcreas^rig the iength dimension of each ot those column members 30., 30 Is controfled In 
terms of preventing interferenoa with the balls 4, 4. To be more speojiic. first, th^ ier^gth of each ot the pockets 10, 10 
in the circufnfeEentiai defection nee^ds.. wf>3i rotaiing tl^e constaf^t velooily joint la \n slatt^ of giving ihe pint angles 
to be large ^^tou^ to enabie each of ihe balfs 4. 4 to displace m tha circumlarsntlai direction of the cage 9, Second, 
the above i&ng!h must be. alter assembling logetf^er the Inner race 2. the outer race 3A and the cage 9 in order to 

^5 assemble th0 con starts v^iocily pnt 1 a, larg^ enough to incorporai^ th© baU 4. 4 mto ih^ pockets 1 0, 1 0 of th^ cag^ 9. 
[0020] European Patent 0 802 341 A1 d^sebses. the consts.nt velocfty pint lb as showT! sn FIGS, 2B -31 by way of 
a structure tor increasing the length dimertsscw^ of each of tho column mennb^rs 30. 30 vvhile setting the nurinber of the 
basis 4. 4 10 6 or larger in consideration of the above point The constesnt velocity joint lb disclosed jn the above 
Publication is strtictured to transmit the rotar^r fore© between the inner race £ and the oirter race 3 through eight pieces 

^0 of bails 4 4. Then, in the case ot the. structur<5 disclosed ?n the same Pubfkatton, two types of pockets 10a, 10b each 
having a d£fferent length dimension jn the circumterentiai dtfsction, are disposed afiernateiy at an eqmi interval in the 
clrcun^terential direction. Wsth ih\$ arrangement: as compared with 8ie case of using tJie mgl^ type ol pockets, it is 
feasibte to incr«>fsiS8 & cisxium^efence-dij^ctional width of Budi of ttie coiumn rnembers 3D, 30 existing between the 
pockets adjacent \o each other in the circiin^fsr^nj?ai direction Thar<5 is made, howevs?; no contrivance aboul the width 
ot aach of the coiumri: membaj-s 30^ SO in teffris of secy ring the durabiiily of the cage 9a white ensuring Site-spans c^ 
Qt\mr corrtporief)ts of the corvsiant v^lociiy pmi 1 b. 

[0021] in other words, there is made no contrivance of optirnatiy cc^iiroiiinga relationship between t^e major dsameter 
ot each of the baEis 4. 4 oc»istitsjtsng the cor^stant velocity joint 1 b and the widlh of each of the column members 30, 
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30. considering a relationship beiween the rolEing fati^ua iins-^pan oi each of the inner and ousor engagement grooves 
7, S and the strangih of th>s cage 9a. The above PiJbsicatbn does not disclose such a point at all that the carsstant 
velocity joini 1b is dessgned m considGralion of the f^ove po^nt,, 

{0022] in the Gctss or ihe above-dsscr&edstf ucturs disc^os^d in tha Europ^sn Pateni 0 802 341 A1 . each oi tha bails 
5 4, 4 is hefeS to each ol the pockets 10a. 10b, and hence it ist difeuit to squiiibfats at a high \mQ\ the major dianisisr 
and thn numbof of thfj foBils 4, 4 and the lengSi difnensbn of each of th«3 cottin^n members 30. 30 vtfh&r) ensixmg these 

factore. Therefore, the ccnsiant velocity prnt capable ol imnsmjtting sutieienliy a large torque and exhibiting an enough 
durabiiiti^ can not ba necisssafl^y f^ciuaiized, 

f0023| li cB.r-i be cmmtiBtm^ {q ^niarge a section af ea of each of the column f nerrtbe? s 3C\ 30 by sncreassn^ ihsckf j^es 
w of the cage 9 for secunng ths strength and the dujBbtlity Jhereof even when the wtdth ot e^ch of the column niefr^befs 
30: 30 is smaH. 

[0024] Thare arises, however; a irmh problem which fotlows, ii ihe majof dtamoter oi ihe cug^ is tncfsasad or if a 
minor diarnetef thereof i$ decreased in Oider to enlarge the sectionas aim. 

[O02S| First, the tncf isases in the n^ajor dtameter o1 the cage leads Jo a rise in a diameter oi an tnner pefiphefai su dacs 

J5 3a of the outer race 3 {3A). This r^se In th^ diameter of the inner penpheral surface 3a ieads lo a decrea&e in depth of 
the outer encjagefneni groove 8. Stmiiariy a decrease in ihe minor dianieter of the cage ieade to a redjotion in a 

diamfjter of an o^Am psnpheras surface :?:a of t:hf? inner mce 2 Thi.^ deorease in the dsarr?.etar oJ the oulef peripheral 
surface 2a loads to a decreaso in depth ot the inner engcigeniient groove 7. 

[00263 When the depth ol each of the two groups of outer and ir^ncr er^gagement grxjoves 8, 7 decreases^ there Is 
^ lessened ths rigidtiy of she constant veioctity joirii 1 (11 a) ;n a rotattonaS direction: whjch is leased on an engagement 

of each of the balls 4, 4 with each cl the two groups of engagement grooves 8:7. Fisrthej; when transinitting a large 
torqiio bstween the tnner race 2 and the outer race: 3 a rolting surface of aach bal? 4 becomes easier run on 
^sn opening edge of each o? the engagerfieni 'grooves 8, 7, As a rest^^t, the d^jrabilHy of the cgnstarU velocity joint is 
ensured with the difttcujiy becatise ot a shortened roHing fatigue iffe-span of the roiling surface of each ball 4. and so 
i?£ forth. 

[0027] Accordingiy, % \rm\ bO' controflod in terms of obtaining a required depth o\ the ongagorriont groove that the 
rnapr diarn^Jter of the ca^e 9 is jn-creased or thai tt;e minor diameter thereo! is fBduced. 

[0028] On the other hmd, A ts also rrjqisir^d that a fninirnum thickness of the cage be coniroJksd in teriTis of ensydng 
the durabliity oJ the constant velocity joint 1 (1 a). {M^Tnely: if the cage 9 Is composed ot a materia! having a large strength 
^ such as. eg, a high-tunctton resin and a high-tenelon steel etc. , the strength and the durablifSy ol the column member 

30 itseJ? can be ensured, fn this case also, iiovvever, if the thickness thereof is too smaii, the fotbwj-^g probfem mighl 
arise. 

That fs, as obvious from the discussion given above, during an operatlori! of the rzeppa type constant veiocily 
joint 1 al Vfetiich the present invention mm, the bctlls 4, 4 dlsp^ac^ in th© diametricai dtrsction of the cage 9 qs well 

^ mm the cu'cumferentiaf direction Hiereof . With such a displacement, when a maximym^riajor-diameter portion of the 
bai5 4 impfnges upon the opening edge of the pocket holding the bali inside, thera .migi^t be a possibliiiy wherein this 
opening edge is chopped off. 

[0030J To begin if the major diameter of cage 9 is too smailc the n)aximum-rTsaiOf-dia?r!etef portion of the 
ba;l 4 existing upward in FIG 21 smpinges upon the pcrtphi^al edge of the opening on the side of the major diameter 

'ifo- ol th<^ pocket 10, Whereas if the minor diameter ol the cage 9 ts too iarge.. the rna^iimurrt-major^iiernetsr portion of the 
bay 4 existing downward fn FIG, 21 irfipsnges upon the peripheral edge csf the opening on the s^da ol the minor dsametar 
o\ thej pocket tC Every openirsg psjhpherai edgij of the pocket 10 Uikos s shatp oorttsyuraiiors and rnigfsl be li*ieiefo:6s 
If stfongiy pressed by the rolling surface of the ball 4: chipped Info mmXB fragments. A sectional configuration of the 
opening periphe-^l edge on the side of ?he xmiot diameter has an acute angle especially when the pocket 1 0 Is fQ?iTsed 

^5 by punch-oi.it working, and hance, if ths cage 9 is composed of a st€8i subjected to a hairdentng process, the above 
chips might be easily pi"oduced, 

JOOO13 Then.. It the chips enter between the bafis 4^ 4 and the engagement grooves 6, % fiie inner surfaces ol the 
engagement grooves S, 7 and th€^ rolling suitaces of the b^ils 4, 4 are darriagedt whtch in tur?> causes a decline of the 
d^jrabiitty of the constant velocity joint 1 Us). 
$0 {OCK5^3 Accordingly, it m:!.ist be coti trolled m terms of prevenihg ihe roiiing surfaces of the baSSs 4. ^ from impinging 
Upon the opaning psripnerai edges of the pookets 10 to reduce the majpr dsanr^eter of the cage 9 or to increase the 
n^lnor diameter thereof . 

[0033] As described above, it ss r equi? ed thai the r niixiniurri and rfslnim ol the m^jor m\ii mnox diatTselers of tf le cage 
9 be eontroifed in terms of securing fhe rigidity and the durability of the consiant vslooily joint 1 ria). however no 
^5 contf svance on this point has bmn made in the prior art. 

[0034] FuEthef; t\B specificatEon of British Patent i^io. 1,537,067 discloses a striiotufo wh.ich baHs 4, 4 ar©, as 
sliown in FIG. 32, hetdbytwos insachof thr^e pockets 10c. lOcforj-nsd in positions at an equal Intsrval in the dream- 
ferentiat direction of a csge 9b Accordin9 to this structure, a length dimension of each of coiumn merrifcers 30> 30 
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Qxisllng b9twe©n the p(3Ckets 1 0c, 1 Qc adjacent lo mdti other in (he ctfcumf arenlsal dif sctiofij is Increased corresponding 
to a degj^m to v^rfiich Jhe tntefvat bstvveen the balls 4, 4 hsld the same pockst lOC: thereby ansufing a ciurabiiily of 
the cagf3 9b. 

[003S] in ^"10 Cctss of th0 above-ir^^nt toned stfuctym disclosed in the specsftcatbn of British Patent no 
5 ccnsidsrsito?! Is Emde with respaeS to She sSfength of the cage. 

Pyrthfsr, eKpiasncd ?«hove, st is necessary for BtJatning ^h© dowr^aixlng and Jhcj reduction b wetghi of the 

wheef-support roiEtng bearing unst known as the so^caited Tourth-generatfon hub imnio reduce; as shown in HQ. 25. 

a mf^of diamot^r of a housing mil 3A by decreasing the major dfams^t^^r ot oach of Ih© ba^ls 4, 4 constituting thi> 

con^iant voiocEty joint 1 a and thus defeasing ih^ tSmmm ct xh^ circumscdbing circte the balls 4, 4. Then, Jhe? a is 
w a necessity tor ensi; ring a load capac^ ot the constant veiocfty joint i a by reducing the n^apr dsan^eter of each of the 

bans 4. 4 artd Inorcashg Ihcj nitmbor of the bails 4, 4 (from € to 7 or mof 

[0037] If the major dBm:etar of Bmh o! the baits 4, 4 is sei too smaii. howovef, there might decrease contact, sttipse 
existing at irFiptngement portions between ih^j rollsrig suitacm of these bails 4, 4 arsd the snner surfaces of the inne?^ 
engagement groova ?a and ihe outer angagsmen! groove Sa, with the resiijt ihal a surface pressure upon tho&s 

plngemsnt portions becomes sKoessively large. The roti?ng fatigue lifespan of the Inmr surface of each ot the engage^ 
ment grooves Ta. Sa is thereby shortened if the major dtsmeter ot each of the balls 4, 4 is sirripiy tncs^aeed for pre- 
venting the reduction m the rolling fat fgua isfe-span of the snner surface of each of the engagement grooves 7a, 8a dvie 
to the above cauae.. the tmervai betw^^en the bails 4.. 4 adiacem to each other sn the circurnfer^jntsai direction ic^ narrowed.. 
Then, there is deersased the width o! each of the colu™ F^iembers sxisiw^g between !hs pockets 10. 10 for holding 
^ the balte 4, 4 with respect to the cage 9. The redisclion in the width of the column rnember £S not also prel erabfe because 
ot leading to the decitne of the durabtlity of the cage 9. 

[00383 '^^^ rnapf diameter of the housing un:it 3 A is incroased. the major dtarneter of each of the balls 4, 4 is also 
increased, and besides Jhe wsdth of eetch column mernbef can be ensured, it Is, however, smpossibis to atfein the 
dovvf^slzlng and the reditcttcn eh tiie we^^t of the vvheel-support foiling bearing unit caiied the fourth-genesiation hub 
uniL v¥hich is not prefefabb. 

SUMMARY Of THE t(siVE^iT}0^^ 

[0039] It Is a f srst object of the present Invention lo provide a constant velocfty joint thai can be dovwnsized and foducod 
so In wesght, and is capable ot trar^smitting a eufficlent torque, 

[D040| 11 m a saco?id obiecl of ihe present invention to provide a foiling bearing ur.jt tor a whee^, which cm be down- 
sized and r^ciuced in weight. 

[0041 J According to a first aspect of the present invention, a constartt velocity pint comprises ari inmr r^ca, inner 
engajjemem grooves each taking a clfcular arc in section and fomrjed in etghf loostion© at an equal tntsrvat in a ctr^ 

^ cumterential difection on an outer peripheral surface of the inner race in a dtrect;on right-^ang^ed to the ct^x^umferentiai 
diraction, ar. outef race provided along a penphery of the inner moQ., outer ^ngragemen! grooves each taking a circular 
arc in eeciion and tormod m posifions facing lo the inner engagement grooves on an sniior peripheral surface of the 
outer race In the csb ectk>r^ right-angled to the circumferentia} direction, a cas^ sandwiched in between an outer periph- 
eral surface of the inner race and an Inrnt penpherat surface of the oi^er race and fancied with eight pockets^ each 

'^o elongated m a circumferent^as dlreclion m pm^Uom aitgned m\h the inner engagement groove ar^d the outer engage- 
ment grooves and esght pieces of balls made capable of rolling a^ong the inner engagement groove and the outer 
engagernerti groove in a state of bulng singiy held iriwardty in o-dcb of the pockets. Then, a cfosstng afigie between a 
c^ntrai axis of the inner race and a central axis ot ^e outer race is bisected, and the balls are disposed withi?T a bisection 
plane orthogonaf to a ptane tncSuding these two central axes. 

45 [0042] Paniouiaf ly pn the constant velocity joint according to the first aspect of the present ir^vention, if a ratio yo^ 
is set to them Is satssfied a relationship such as: 

$0 

where is the n^ajor diam'^ter of each ball w b ihe circufnlcfence-difectfc^na^ wid^h of each ot the colu^Tjn members 
existing betweeri the pockets adjacent to each other irt the circumter emial direotion with respeot to the oagO; and is 
the dian^eier-direclbnaS Ihicknass of each of the ooSurnn members of Its^ cage- 

[0043] Accordiing to the thus structured constant veteity pint in the first aspect of the present tnvsnt ion . it Is feasible 
^5 to auttic5^ntiy ensure both of the rolling fatigue ilte-span o? each o: the inner and outer engagement gncoves and the 
stfengih of the cage, and the constant velocity jotnl is do^^vnsized: thus rriaking a contf tbtstion to uU^ization of a so-caJied 
fDtjfth generation hub unit in which the outer race of the constant vebciJy joint Is integrated with the inner race of the 
roiisng bearing unit tor supporting the wheeL 
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[0044] Further, in the constant velocity pint according io a second aspect ot the presenJ tnventionj i1 a ratjo D^<i„^ 
oi a diamatef of Ihe outer periphaj^l surface d the mge \o a pitch ckcm <iiBm^^ d„^ of each of the piurajity of balls 
is set to R, , and if s ral30 cyd^^js ol a djameier d^. c1 the inner pefipheral su?1ace the cag<5 to a pitch ctrcis d:iamst?jr 
d,^^ Is s^l to f^, tharo ars relatlonshbs suc:h as "LOS < < 1/11, and 0.945 < < 0.9-98, Nob that the pitch drcis 

5 cJlarnatef ts a 24otd cfirf^ension d a distance bslween a center (a point Qj oi O^g FIGS. 6 - B and 21 } of cujvaltircf 
of a bottom surJace of Ihe inner or oist^r engag^3m^5nt groove and a center of each ball when the constant vfstocity joint 

in a neutral state (wherein a pml angse 0). 
[0045] FurJhefj in Jh^ constant vi^^ocity sosnt according to mc second aspect of tho^ present inv^nism; \n addition to 
the pfefetabt^ construe to^i grven above, a ratio r^oi m momg^ thickness t^of the cag^ which expressed by 1/2 oJ 
a dtlterance between s dtajr^atef of the outer penpf^ eraJ surface of the cage and a diameter 6^ of the inner peripheral 
sujface of the cags, to a major cJ^amoter O.^ of each ball that is, y has a feSatoship such as 0. IS < < 0.30, 
\W4B] According to the thus construcmd constant velocity fofnt in Jhe second aspect ci the presorJ^ invention, oven 
in Ihe case wher^ for instsrsce, the WidJh of Ihe colusvtn men'Jb^r provided betwesr] the pockets ad|ac©nt to each QtYm 
ES dscf i3«iSGd by setting the number of the pockets for holding ihG balls to B, & secilof"5al area of each coJitmn member 

J5 \$ s^ctir^d; Whereby a strength and a dtirBbtlily of these column nnombers can be ensufisd Simufianeously, \i is feasible 
to prevent an op^nifig peripf^&ral edge of the pocket ffom being chipped by pfeventing the io\U(\q surface of ^ch bati 
from impinging i.ipor< \be oponing p^^rspheral edge of the pocket 

{^00473 To ^iarl with., there wjJE bo cSiscidatod the rejason v^tty the ratio 0,^''d^^ R^) of the dicimeter D^. oJ the oulor 
pcnpheraJ surface of Jhe cage to the piioh cMe diameier d^ of each of the pit^raliiy ol batte is set such as 1 .06 < 
<1.ii. 

[00403 When desegnfng the constant velocity joint, the pitch circle demetar is determined as a principal item of 
da-a corresponding to the nuriibof of the M^sandthc majoj-diafnoter I\ in ofd<jrtoodtajn a load capacity cot'f espondjng 
to a rmgnitiids of the torquo to be trarfsn^itied Aecordingty, the abov^ ratio D^d^ ( R^} ss a mlm iS0lmjnmd d^jpending 
malr^ly upon a magnttude of the diameter of tie outer peripheral surface of the cage. 

s^s [0049] As it becomas frjore approximate to x$ 1 .08. the dtan^eSer De of the o\Mr penphefal surface of Ihe cage 
beoomos smaller, in which case the sectional area of the ca^e ;«s cnsurod with a difticufty, and bssldos the tcMng 
ol each tiaH might impinge upon an oponing; peripheml edge on the side o? the mapr diaineter of the pocket, 
with the refjuit that this peripheral edge is easily chipped off The impingement of the roiling surJace epon ^he peripheral 
edge cars be prevented by reducing an oJfeel quantity (shown by h sn FIG. 6) ol points of centers oi curvature of she 

so bottom surfaces of the two inner and outer engagement grooves and thus decreasing a displacement quantfty of each 
baji m the diametncal directSon as" the cage., The feductioj'^ tn the osTset qcantily. however, is a. cause for hindenng a 
smooth operation of the constarit vebcjiy joint and can not be therefore adopted. 

[0060J in conirasi as ti becomes more approximate to 'J , 1 1 . the dian^eier Q^. of the outer penpheral surtace of 
the cage beeomes larger, in which case s dsp^ of each ouSer engagement groove becomes too small. Then, as 

^ expteined above^ the ngisdity ol the constant veiccity joint in a rotatbna! difection lowers, and the roiling surface of the 
ba}i becomes eaaiarto run on the aide edge of the op-aning ot each of the outer engagement grooves. It is conseqijentiy 
diffEculi to ensure the dyrab^ijty oi the cosistani velocity pint such as a shortened foiling fatigue iite span of the rolWng 
surface of each balL 

[OQSI] According to the second aspect of the present invention, being set such as 106 < R-c < 1 .1 1 > the tmpinge* 
^0- ment of the rotlsng surface upon the peripheral edge of the pocket, whsch might iaad to the chfp^olt, is prevented white 

securing the toad capacity and the smooth operation of the co^istant velocity joint. In acfe^stion, \i is possible to prevent 

the EOij:ng surface of each half from rufsfiing on the side edge of ttte opening of the outer er^gagerfienl groove. 

[00S2] Given riexi is an eluctetsofn of the reason why the ratio d^/dj^ r^) of the diameter 6^ d the Inner pefiphe?Bl 

surface of the cage to the pitch circle diaFneter 6^ is set to 0.94S <(^< 0 99S, 
^5 [0063] As expfained above, the pilch circle diameier is deiermined as fhe principal stem of dat^i of ihe constant 

veioeity joint,, a^id h:ence the^ above ratio d^v/d^, r^) is a vaSue determined deperiding vnamly upon a magnitude of the 

diameter d^ ot the inner peripheras surface ol the os^e. 

[00:64] To begb with, as it becomes more approximate to 0.945 :S f ^ . the diameter d^ of the inner peripheral surface 
of the cage becomes smaller Jn this case., the depih of the snner engagement groove becomes too smalt: and, as 

so described above, the rigsdily ol ihe co?"^slan! veteily joint in the rotalionai dsrection bvvers. and besides ihe rdrng 
sudace ot each bail becc^Tfes easier to run on the side edge of the opening at the mer engagement groove., it ^s 
consequentty difficuR to ^snsure the durabiiity of the constant vetoojty joint such as a shortened rolling fatigue lile-span 
of If^e roiling surface of each ball 

[00S5] I n contrast, as it becomes moj^ approximate to r., 0MB, ?he diameier of the inner peripheral surface of 
^5 the cage becomes larger In l{m case, it \s difficult to ensum the secliona! area of the cage> and addftionaliy the roiling 
sudace ot each ball jmptriges upor: ihe periphefal edge ot ihe opef'jing on the side oi the minos diatnetei c4 the pocket, 
with the result that this peripheral edge b eassiy chipped off. As explained above^ It is unfeasible to rsducs the offset 
quantity to prevent the impingsfrsent of Ihe rofisng surface of each batt on the periphe5Bf edge of the opening. 
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[00^6] Accordinig to th© sscond aspect of Ihe pre§©nl tnvmtion> timnq t^i such as 0.945 < <0.998. ^hs tmpings- 
ment of the foHing: surface upon the pefpfmal edgs. yMdi iTsiglil ^ead to !ha chip-off; is pmvsnted vv^ifla securing the 
Imd capacfty and the smoolh operation o! Ihs constant vebcily jo^nL In additiofi, ^ 5s possibSe io prcjvsnl Ihe rolling 
sur^aoe of each bait trorr< funrnrig on the side sdga of tho opening ot th0 outm mga^Bmmt groove.. 

5 [COST] FufihefFm^fe: ihe ratio {t: y of t^ ie n^ajor diametat of eacf^ bail to the aves^itge thickness of IJie cage 
sxprasv^fsd by 1/? of th^j difference betweejn Jhe diametef of ^he outm pefiphoml surface of the CBge and 
th^ diameter 6^ ol the inner penpheraj surface of the cage. !S s©t sucfi as 0J6 < < 0.00, st possible lo give a weif 
aquEliDiiurn botwo^jn the ^\tm0h of e^^ch coJuf^n meinbar and ihc* disrabtlfiy omh of the two groups of \mof and 
ouiBi' 0iY0igmmni grooves in the co-nstarH velocity joint m a whob. 

w [OOSSj Name^. as it i^^con^es mof^ approximate to ^ ^ 0.16, the sver^ge thickness t^jOl !h9 cage beconies srr^^iler 
as Gompsrsd wlih the major diainotef D^^ of each ball, in ^tsich case there dsmintehes the secstor^al area of the column 
member existing between: the pockets adjacent to each other in ihe cffcuraferentfes directia'^, and ihB sUenglh and the 
durabiifty c^f the cage incitiding the CQlusTirj frieri^bera are secured v^jJh tha dstsculty.. 

[0Q£9| By aontrast, m ii becomes nrsore approximate to r^ ?c 0.30, the average thtakfSi3S& of Ihs cage becomes 

J5 larger a$ compared m\h tfss major diameter o! each baif. In this case^ the depth ot each of tJie inner and outer 
engi^gejTieF^l groovm is hard to ensure, restitting In a ditticuily ot trar^smltthig \he la^gB torque 
[0060] That is, a5 cbviosj 5 from tb e ex ptenatbn of Fl GS. 6 - 1 B J h e depth 5 of th e jnne f and oi ite^r engagement g roovc-s 
me not uniiomi over their enttrc length, and each groove becomes 6mp at m oiie end in ihe longthwlse direction but 
shallow the otrt^^r ond, In o?xlor that the largo torquo can be transmitted Ohe suificsent load capacity Is ertsiired) by 

^ the thus structured r/eppa Jype cof^stsnt velocity p\nl, and besides, th© enough dufabslitv secured; ^ fs required that 
the depth o? e?ich of the i^nner end outer engagemeni grooves be amply seGured at each of the other ends having the 
smallest depths. On !ho Oihrn hand, jf the o!lsct quantity h described above aygments lor ensuring !he smooth c^oraljon 
of the constant veloctty joint, a difference in the d^pih between the inner engagernent groove and the otiter engagement 
groove becomes large between one end and the other end. \n euch a state, v^en the average thicfeiess of the c^ge 
i$ increased while reducing the deplhs of the inner and outer engagement grooysS; ft is dflftcuH to secure this depth 
at each of the othor ends wnorO' tho depths are mintmi^ed. 

[0061] In cOF^trasl it the iBXio ^ is sei such a$ OJS < r^. < 0.30, it is leasible to establish a coTnipaJibiltly between 
ensuring thfj stf eng?h and she durability of the cage inohiding the cojumn members and securing liie Jofid captacity of 
the constant velocity jotnJ whsch se based on ensuring the depths of the Vm engagement grooves. 
so [0062] According to the above-descrfeed second aspect of the present invention, the constant velocity pir^t that is 

excellent of' its rsgidity and diirabiSily can be obt^iined. 

[0063] According to the thid aspect of the present invention, at least a part of the pftjrafity of poc:kats are capable 
of holding the pturaJity of baSis mihin the single pockety and a totat number of bails is ? or more (pref erabty B or more). 
[0064] According to the iihird aspect of the prssertl tnvertlion, the number of Ihe pockeSs is prefer^tbfy even-numbered, 

^ and the nti:?r?ber of the ba[[s heSd in each of the pockets is different. 

j;006S| According to the th^rd aspect of the present invention, Ihe nu:mber of the pockets is preferably 4, and the 
number of the balls is iO. The number of the bed Is hesd In moh of the iwo pockets existing on the opposite side in a 
dlametricat direction is 2. and the number ot the bails held in each of the remaining two pockets Is 3, respectively. 
[OOSS] tn the c^ase of the Ims cmstr ucted constant velocity joint accofdmg to the third aspect of the present inveniton, 

^0- the totai number of the bafte is set to 7 or more, and themfcre, even when capabfe of transmtUing suticjently a large 
torque or the dimension ot the major d:iame!er \b deoraesed. the constant velocity joint can be downsfzed and reduced 
in weigi^t Bcjaides?, afi inttjjval between tiisj balls held m the- sante pocks:! is fjariowed, and a fengi^; dirrjensbn of a 
column member existing between the pockets adjacent to each other in the circtunfer^ntial dit sction is tncreaeed, so 
that the tength ot the column member may be 4, 5 or 6 mn in average, for example and the thtekness tr^ the diameter 

^5 dir$5C:ion may 3.2, 3.5, 3,S or 4,1 mm., tot example, thus ensuring a dyrabi??iy of the cage and obtaining an enough 
durabiiity of the constant velocsty joint as a whole, 

£0067] In particular, according lo the preferable charactenstics of fi^^e constant veJocity Jolnf in the third aspect of the 
preeent tnventEOh: when the number d the b'Sb held in each pockel is made different: the balls are incorporated finalJy 
into the pockets in whteh a larger number of baSSs should be held, thereby making it feasible to incorporate the balls 

so and. besides, to restraining an Increased in the length dimension of the pocket. As a result the nurriber of the balfe to 
be incorporated into the constant veiooity joint can be incrsaeed. and in additiorj the durab^iit^^ ot ihe cage can be 
ensured. 

[CK)683 AccordiF^9 io a foufth aspect of the pr eserU Invention, a rolling bearifig unit for a wl^eei. con^pf ises an outer 
race consirifctlve member including respectively a first fiitlng flange,, formed on an ctjter pertpheraf siirface, for sup- 
^5 porting the cuter race constructive member on a suspensbn, and a p^ys'aiity of outer race tracks formed on an inner 
peripheral sudace, ihB outer race ecnsuuctsve rnerfsber not rotating when used, an inr^er rmii conetructive membar 
including respectivety a secoj^d fitting f iange, formed on an ei>d side portion of an outer peripheral stt rJace, for supporting 
a whees: and a plurality o1 ainer j^ce tracks formed on an intejtrjediate portbn^ the inner race cortstjxtctlve member 
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having th© oth^r stct© end portson formed as a housing unt: esrying as an outer fac§ of a constanJ velocity joint, the 
[nnejf race cotislructive memfoef rotating when lised, a pkirality of rolling merfibers so pfovidad as tO: be capable of 
roiling between the outer mce: iracks mi6 Ihe innaf mm tracks, an imer mce provided an an ^rtner side al the touting 
un?t and consiitiJtrig tha constat velocity |olnt. omer engagsmenl grooves sach takir^g a circular arc m section and 

5 foffned in a dtfsctiOE^ right-^E^gleci to a chcun^ifeferiliai directton in a plus altly ct positions in the cncua^temnUal directson 
on m Inmr periphera? siidace of ihe housing^ a ph^raiify of snner ^sngacemeni gfoovBS each laksng a cteil^r arc in 
section and form^^ in \hQ dsf ection right-angled to the csrcumferential direction m posilsons feeing to the ouler engage- 
men; gioovijs on an outar pefiphQial surface the ^nnor naca. a cage sandwIcliecJ in between an outer paripheral 
SLtf face of tho hnm race and m inner periphera; sudace of the housing mil and torrned with a plumttiy Oi pockals each 

w elongated in the cifcumtemntial direction m positions aJignad wilh the Inner engsgemsnt grooves and the ooter en- 
gigerrssnt gfoovsa. ths cage constituting the constant velcc ity joint, and a p6«m3ity of basis so pfovkjod as to be capable 
of rolling asorig lt]e snnef engcigamsnt grooves and ihe outer engags'ment grooves between ih^ outer engagement 
grooves and ths inner ertgagejrten^ grooves in a^tate ol being held invrctrdiy oHhe p^xkets. A crossing sngie t^etween 
a cenSrai axis ot ths inner race and a centf ai axss of the housing miA is btSGcSe<i, ar>d the balls consSiJalrsg ths oonstarii 
y^locity joint aro disposed on a bisection plane ortfjogonal to a piano fnolud»^g theso central axes. 
{00603 Especially in the roJItng bearing unrJ for ihe ti^eei according to the present tnvertJ ion : the number of Jhe outer 
and innar angagement groovaf^ and th^ nijmber of baiis are each set to 7 or more. Ftjrther; a rad ttjs of cun/atsjre of 
each o: seciional coj'itsgy rations o! ihe two groups of otfter and inner engagement grooves ss mado smaii aj each of 
groove bottom areas of the two gfoups of outer and Imor or^gsQement grooves arid made larger at botb ot side end 

^ poj tk)ns proximal io respective qsening edges. Moreover, if a ratio d^/d^ o\ djto m set to R: there ts a relationship 
such as: 

0.49 S R Q.63 

where is the pilch ctfcic dlarrsetaroi" each of the balte constituting the ooriSiartt vebclty joint, and 4> is the pitch circle 
dsarneter ot each of the foiling members consliiLtting the inner roiling member train of Jhe piuraiily of rolling member 
trains 

[0070] In the case of the rolling bearing unit for the wheel according to the fourth aspect of the present invention, a 
so contrivance ie given to each of the seciionaJ configurattone of the two groups, ot inner and outer engagement grooves^ 

ar-d there is contfoiled the ratiO' R d^/d^) of the pitch ctrcie diameter d-j: of Bach oi the balls coastitsjtif^g the cc^nstsirU 
velociity joint \o the pi5ch ctreje diameter ^ of each of the retting members constititting the inner mHing member train 
of the piurality of jxsi ling meirii>er tr aine of v^toh the rolling bearing unit ts oonstr uoted. The «/hee!-support rolling feear ing 
\m\i can be ihereby downsized snd reduced h Its weight vvhi^e ensurir^g the durabiiiSy of this wheei^upporl raiting 

^ beanno unit. 

{0071} Nameiiy, the radius of curvature of each of the ^actional corifigurations of the two groups ol outer and inner 
engagement grooveB is ma6e sma^fer at each of ihe groove boUonrs areas of Lhese two groaps of engagement grooves 
and larger at both of tne side ends proximai to the respective evening edges. If is therefore feasible io increase a 
contaot angle betwreen the inner surface of eac^ oHhelwo groups ot engagt^menf grooves and the rolling surface of 
'^o each ball thence, in comt?ir^at£on vvith the contrivance that tha number of the bsils is mi to over 7 targer than 6 set 
according to the prior an, the load ca,pacity ot the cor^stam velocity joint augments, and the durabiiity of thi^ constant 
vaiociity joint be thereby ensurad Fuflhai, the baiis run on ^he 4>iiou[der portions of the two g.'oups of outer and 
inner engagement grooves with the difficufty, thereby preventing an excessive sitfJace pressure based on an edge 
load itm acting on the rolling surface of each balL Cojisequent^y. an exfoliation life-span of the rolling sujiace ot the 

faais can be ensured. 

[00721 FLttiher, wt:en the above ratio R is controiEed within s range such as 0.49 R 0.63, in a case wt"j6:re the 
number ot the bails constituting the constant vstooily joint is sat to 7 or more, the major diameter of each of the baiss 
Is secured, and there is enlarged a contact ellipse existing at an impingement portion between the rolling surface of 
Moh of the balls artd an mmr surface of each of Ihe two groups of outer and inner engagement grooves : thar^y 
^0 restraining a rtse in a contact s'jrface pressure of the above smpingsmerit portion. ;l is thme^om possible to ensure the 
roiling tatigue alo sptjn ol tho innor surface of each of the two groups outer and inner engagement groovos. Simulia- 
nsouslys the durability of the cage can bo secured by ensuring the width of saoh ot the column msmbere existing 
beiw^^^Sfr^ the paoktsts for t^oldtftg ttie isalls m^t riaspect to ttie csge. SsssideSj Ihere can be made such a design !hat a 
pad of the outer engagement gjxx)ves are disposed on he inner side in the d3*?imetfical direction of the innsr rotiing 
membtjr trmn , whereby ths wheol-suppoft roing bearing unit kmm as the fourth-geneiation hub y ntt can be downsized 
and reduced in iiis weight 

[0073] No^e that as the ratso R becames less than 0.49, the pijch clfole diameter d^ oi the i^vall decreases. Than, the 
[ntsfyat between the balls sdjacen! to each ottier in the cifcumfsrentiai direction is r^arrowed: and the v^idih of the 
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coiumn member diminishes, v^h the mull that the durabiitty^ of th© cage can mi bs ensyred. Furlhsr, -he inteTOti 
bot^-fem the balfs adjacent to each olher tfie circumfersntSal direction Is Increased m ostferto ensure the dumb ility 
^his cagf?, and hsnce, il ih^ mapf dmnBt^t of each bal; is d<^cmased, the ccnJact surfact^ prassure rises, iit is dfcuit 
to mourn XhQ toWm^ fat jgue lif& spai ot me inn^r surface of mci\ of ths iwo groups o? outes*- and inner sngagemant 

[0074] By DDrtlrasrt- as the f*itso R i?)ice8d$ 0.63; (he pitch circle dsame^er at the ball increases. Then, it is di^kult 

to makB such a dasign thai a part of tha oyter engagement grooves are disposod on Ihe tnside in the diameiricai 
dsr^ic^io?! ot the inner rolliing mmWrn im\n. and thi5 wS'iooi-suppQit rolling boas'lng mix known as the lotinh-gonQFaiioi 
hub anil downsi;i:;ed and rtjdaced sn it^ wetgtit w^th If"?© dilficuity,. 

[007S] O^her features and advarstages ot the present invention witt become readily apparent from the toiJowing de- 
acrjpiEon taksn In conjunciton wfth the accornpany ing drawings. 

BRIEF PesCRiPTION QF THE OHmimS 

i£ [0075] The acccmpanybg drawings, v\^5jch are sncorporatod in and oon$ttoe a part oi {h^ epeciftcationv Hlustrate 
prssently pwf&ne^ embodimeF^te ot me invenison, md together mih the gen^&rai deecriptlon given above and the de- 

imled descf iptbn ot she prtjfrsrf ed embodimenifj given be[o% mrvB to explain the pf incipie of the snvontbn, in which. 

FIG. 1 ts an explanatory psrtijaj sectional vtow showing how a force is appiied fo a tim portion fjorn tl'te bajl during 
i?^' £tf? operation of a first embodsmerst of the present inventfor^:. 

FIG. 2 is m ^%p\anBlQiy view shewing a column member to vvl'ssch a farge stress Is s^n'^iiar^y applied: snd showuig 
ihc caae and the baWs as viswsd in m mM direciEOn of iho caas: 

FIG. 3 an ojcplanatory view Bhowtng how ihe tgrc^ is applied lothe rtm porta iforrs the ba^l dufing the operaiiori, 
as viewed from above tn FiG. 1 ; 

PIG, 4 Is a sedCTal viw showing ihs cdi^rrsn member of the cage in the Jfrst embcKjiment of the present jrwsntton: 

FIQ:, 5 a ^eot^ona^ vfow showing one; oxampio of the wheo^suppori rois^ng bearing mti incorporat^ing tho constant 
veiOvtiy joint in the first emitjodirnent of the present jnvontion; 

FIG. 6 Esa parttal sectional vtfjw showing a second embodiment of th€5 preseni invention; 
FIG. 7 m a view sImsSar to FIG. 6. showing a firsl modified example of the second embodiment: 
so FIG 8 Is a view simlSar Jo F!G. 6, showing a second modified example of the second enDbodimenl; 

FIG, 9 a sectior^ai: vfew sh:0W3ng a vvlia^i-support loMq ^bearing untl incofpofating a constant vetocify pint in a 
third embodiment oi the pfeserit invention; 

FIG 10 Is a secllonal view, with some portions boing or?^^Ue<i, taken substsnfi^^iJSy along the line 10 - 10 h FIG. 9; 
FIG. f 1 Es a sscilcns^ view ot a cage, showing how besils mB incorporated into pockets: 

^ FIGS, 12A and 12B ssctbnaS views siiowing a stale of forming ths pocket by pLtnch<H!t working, F-iO. 12A 

showing prof e>f able woirking thOfaof , FIG, 1 2B showing linprefajBbte wor King; 

FIG. 13 IS a visw similar lo FtG. 10. showing a iml modified oxampie of the third cmbodimont of Jhe pfsseni 
invention; 

FIG. 14 is a vtew simitar to FIG. 10, showing a second modified axampSe of ih^ 6hird ernbodimen^ of the presant 

^0- invention: 

FIG, 1 5 a -sectional view showing a stale where the cage is rjoojporated into an internal area of an outer race 
as vi0wed in \he sajre dimciion a$ t^jij ouo in FIG. 9, 

FIG. 16 is a view simEiarly shoi'ving the state as viewed in a light direction in FIG, 15; 
FIG. 1 ? is a sectbnaf view showing a Jourlh mY^bod^mant of the pr ijseni invention: 

^5 FIG: 1 B Is a view similarly shox'^^'ing anly the consiant vetociiy joinl corresponding to the seclion jak^n along Ihe 
line 18-18 in F|:G. 17; 

FIGS. 19A snd t9B ai^ anSarged ssctionsi views each showing a first modtfted exampla of Jlie fourjii embodisnent 
of tho present invsnibn, FIG. 10A showing a secfioncsi configuratSon of an otiter engagement groove, FIG. 1&B 
showing a sectional configuration of an Ifiner engagement groove: 

FIGS. 20A and 208 are enjargsd S80li03"^al viom, each shvowing a second modsf^c^d sxj^tmpSe of the fourth ciribod- 
iment ot the present invention. FIG, 20A shewing a secuon&s configuration ot an outer engagement groove. F{G, 
20B siiowlng a sectional oonfigiiradon of an inner engagement groove; 

FIG. 21 is a »£?ct(Of?aS view showing a first sxafnpie of a f?riOf aft constar^l velocity josn£ in a s^ate where a JdrH 
^in^le is given; 

FIG. S2 is simltefly a sectKjnai view corresponding io the section taken aSong the Mq 22-22 in FIG. 21 in a state 
wfiefo tho jainl angie \% not given; 

FIG. 23 is a view simliaiEy showing a pasi of the cage as viewed frofTS an outer per^i^ierai side: 

FIG. 24 is a schematic vim simslarfy showing a positionai relationship between bottorr^ surtacas of the two inner 
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and outer ^ngagemsnt grooves; 

Fig. 2B is a secilonal view showsng one mhmple of the whast-sypport roiisng bearing unit integrally iricorporaling 
Ihe catsiant veEociiy p?nt sn the prior Jirt; 

FIG. 26 ;s a s^o1;onal visw partsctlty seh^matsociiSy showing how the force is appii^ to E^a ball during the opsmi^on 
5 oi the conststTEt vetectty joini; 

f\(h. ^1 is an emlargfid view sjmiEaf ly showing a cenitBi porto in FIG. PCi: 

FIG. 28 is a sectional view showing a second example of the prior an constant velocity Joint in a state vvhere ihe 
FIG. 29 is a section^} vsew Jaken atag the line 29-29 in FiO. 28, 

FIG. 30 Is a sectiof^al v?ew showsf^g the cage incorporated into the second example of the structure In the prior art: 
FIG. 31 }S a section^i view showhg a state vvhere th^s inner racs and tha outer race displace \x\ predetermined 

diredfons l o Ineorporal^ I he baSis snic the cag^s: and 

FIG. 32 Is a sectionai v^ew showing a imrcl exsmp$€5 of $iif uctuj^ in the pf lor ast. 
DESCRiPTiON OF THE' RPEFERRED EMBODIEMNTS 

{0077J The basic strucis^re and operation of Ihf? constant veioc^iy joSnl, which have been s^xpfainai r^f erring to F^G. 
21 Ccin be applied to att oi embodiments and modified excimples ot a consianl velocity .iorit according to the present 
invention and of a wheeFeupport beanng unit accordir^g to the present invention, of wliich repet^ive expianattons 
^ are therefore omitied hereiri. 

JFIrst Embodiment] 

[0078] FIG. 5 shows a first embodtmesit in v^^hich Jhe pnssent Invention is applied to the constant vetocity joint con- 
stituling the fourth-gerierstfon hub according to th© flrsl aspect of the inventions. An outer racs 111 , which does 

not rotalo but ^s held stationar^^ In a state of being supportod on the susponsions Incfudes a fimJ iiulng flangf^ 112, 
formed on \\^ outer periphefat sudace,: tos supporting this outer rac^ 111 on the suspension; and plurai trains of outer 
race tracks 113, 113 iormed along an snner peripheral sudace, rsjspectivefy. A hub 1S3 composed of a hub body 131 
and an Inner race 132 es disposed concentricaily vifllh the outer race 111 or? the side of a mirror diameter of the outer 

^ race 111. First arrd second Inner race tracks 118, 120 are respectively formed In positions m the outer peripheral 
surface of this hub IBS, x'^/htch taceto ihe o\Am racetracks 113, 113. Ot ihesa tnner race tracks 116, 120. the fjrsj 
inner r-ace track IIS Is formed dsrectty on an outer peripheral surface of an iiite;Tnediate portion of the hub bo^:iy 113. 
Fufther. the inrier :iace 132 6S exterrmltv' fitted to a portion, closer to art snterrtas ssde end {closer to a right side end tn 
FIG. 5) thsn the portiorr forrr^ed whh the first inner race track 118, o1 the tntermediale portion of the hub body 1 31 . The 

^ second m\'^^ race track 120 rs fotrned on an outer per;ph@m^ surtace of thb Inner race 1 35. Then, a piuraiity of rofiiing 
rr^embers 121 and anotJier pluratily of rolling members 121 are: so pfovidsd m to be capabfe of roH:ing respectiveiy 
bet wo en the outer race tracks 11 3a,. TiSb and the first and second Inner race tracks 118. 120. whereby the nub 1 33 
i$ fctatably sypponed on tiie jnner s^de of the outer race 11 1 . 

[0073] \n Ihe case of Xm iiiiistrated exampic, as described above, the firs! Snner race tjack 11 S is forrr^ed directly m 

^0- the outer perppheras siifface o1 the hub body 131, whereby a diameiar of the %m\ inner race track 11B js set ^malrer 
than a diameter of yie second inner mce track I20for™d oji the outer peripheral sustace of the inner race 132. Further, 
with ihiS ca^trivance of ihus setting she diajr^eier of the fir si inner race irack 11 B srfialJt^r trnx tJse diaf j^eter ot the second 
Inner race track 1 20, a diameter of the outer race track 11 3a on the outer side (implying ari outer sfde in a widtfiwlse* 
direction in a state of being aeseml>led to the automobile, i.e., a teft side ^n FiG. 5) which facee !o the first tnr^er ?^ce 

^5 rrack IIBJs set smafter than a diameter of the OJjter race i?^ck 11 3b on ihe inner side {implying a central stde in me 
widthwise in the state of &ein9 as^embied to the automobile, i.e,, a ^ight skJe in FiG. 5). Further a major diameter of 
an outer halt pojlson. formed wsth the outer race track 113a on the outer side, of the outer race 111> is set smaJJer than 
a major dlameEer of an inner half portw. formed wlti the ouler race track 11 3b on the mner side, of the outer race 3ii 
Moreover, \t\ the IHuetrated exannpte: wltfi the setting ot Qius decreasing the diameters of the first inner race track 118 
and of lh8 race track l1S?i on the ooter ssds, the number of the rolling members 12ta. l21fo provsded between 
the first inner race track 118 and the outer race tmck 11 3a or* Uie outer side is set smalier than the num:ber of the rolling 
n^ember s 1 21 a j 21 1> provided between the second inner race track 1 20 and the oi^ter race track 1 ? 3 on the mm side. 
[CK)60] MoEeover a second fitting 11? for sypporting and fsxin?^ ttie wtieel to the hub body 131 Is provided 
tnieg;fatl>/ with thiis hub body 1 31 on an outer pertpherai surface of an external sjde end of the hub body 1 31 Proximal 

^5 ends of a plurality of studs 134 forjoMg the wheel are fed to the second fitting fl^irige 117. 3n the case of the tiiusirated 
a pitch circle diarricttsr cf each of ttie piuraisty ot stude 134 ts reduced to such a degfee as to sfn^iiarlv' set the msjor 
diameter of the outer half portion of Ji^e outer race 111 tiian the rr^ajor dtameter ot the inner haif portson as described 
above (to such a degree that a head 1 35 of eadi stud 1 34 does not interfere with the outer pertpherai suttace of the 
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QXternal side e^d of lh§ o\^m race ill ), Not^ Ehai a diamei^r of a portion, ©xisJIng mora mards in th© aKfel direcUon 
than a pofttO!i fof>Tied with: tfia first inner race track 11 S> of tha OiMm peripheral surface ot tha hub body 131, Is set 
:snr:8lh'5r ihm n dmrni^ler ot a:i ir^Sv-i^ribfng circle o! each of the roffing members 12t, 121 cofr^ispondjng ioXhe tirst inner 
race track 1 38.. Th^ feason why so ss that whan assombiing the wjiesJ-sypport toim^ beamq mil the plursjifly ol fo^^ng 

5 martibers I21a am ass«fiibteci ai ihe side of the minor diarmter of Wis oitler racs track 113a fojrried ot> inn^r 
periphfjrat surfscf^of fhe f^xlerrsal side snd of the outer race 111 , and a sea^ ring 1 36 is fk^5dly fitted cn m mmt pBriph^ml 
surface ol the externa: side end of the outer race lit in w^iieh slate the hub body 131 ss made insenabSe inio the 
inside -diarF^Gtfici^l pDjtsof^ of !h0 ouitjr race 111. Furl he f> a. wall-sunk poriiai 137 taking a recs&sc^ groove-! ^ko shape 
Is loffT^ed aforig t\e entire periphery at a poiison; between the first inner race track 118 arsc the portion fiued on t^e 

w inner race on the outer perjpherai surface ot Ihe interrTtediste portion oi the hub body 131, thereby reducing a 
wsj^t of the hub body 1 31 . 

[0081] fvtareGvsr, a sioD ring 1 39 engages with an engagement recessed croove 1 38 formed aiong the entire pe- 
riphery of a portion, cic^er ars internal $fide end of tl^e outer pehpherai $uf1ace: ot the iiub ix^dy 1 31 in order to keep to 
n proper value a pressure given lo each ot the plsjrailty of rolling members 121a and the plumiisy of rcMing mernbers 

J5 121 b SO provided as to bo capable ot roiling between the owter race tracks 11 3a, 1 1 Sb and the first and second inner 
race tracks 11 8, 120 by preventing the inner race 132 fiited on U^e hub body 131 from displacing toward the tnternai 
side end thf? a>:ial ^i^lon. This slop ring 139 Is constructed of a p^^ir of slop ring a^ernente mch :Tissuming a 
semicircular shape, Ti^e tnus constructed slop r?ng 1 39 -Tjakcs its own inner periphemi adge engaged wiih the engage- 
ment recessed groove 1 38 while pressing the ir^ner ?^ce 1 32 jagainst the hub body 1 31 outwards In the amA directicwi 

^ m ofder \o give the propeif pressure to each of the rolling members iZ^a, 15lb. The slop rings 139 having proper 
thickness dimensions are seiectsvely used for keeping each ot the rollEng members 121a, 12ib giym the proper pres- 
sure even in a state where the force pressing the Inrter face 1 32 outwards in the ami direction is cancoted. More 
specrnc^-iiiy. there are prepar^Jd plural 'types of stop ringe 1 39 slightly diJJerent from each other in lerrns of their thickness 
dlmensiof^s. and the stop ring 159 having the proper thickness dimension in relation to a dimension ot each of the 
conslruolive n^embers of Ihe roSting bearing un^t such as a groove widfh of the engagement recessed groove 1 36. is 
chosen and ctigagiXiS vvith the engagerr^ent rooeased groov^^ 1 33. Accord Engiy vvt^en thle selected stop ring 1 39 engages 
with Ihe engagement Eecas&ed gjoove 1 33, even if the pressing force is canceled; the inner race 1 32 is prevented front 
displacing toward the interna} S5d« end if* the axki diredbn, whereby each oi the rotsing members t^AiX 121 h cm 
mmam to be giverf the proper pressure 

so [0082] Further, a part of a spacer 140 is disposed along the periphery of the etop ring 150 m orcJer !o prevent the 
$top ring 139 from being unint^ntlofiall^^ disai gaged from the ^ngagemenS recessed groc^ve "13S due to outwiard dis- 
placements, in the diametrical d^mctson. of the pa^r of stop img elements ccnststutir^g the strop ring 139. This spacer 
140 is a member tor supporting a boot 139 lor preventir^g foreign mattasis such as rasn water and etc from per- 
meathg No a cor^stant vebcfty joint 101c, at which ^he present invention aimSj constritcted of an outer rac© 141 for 

^ the constant velocity pint which is provided at the internal sfcie end o: the hub body 1 31 m such a way thc^t the exterrial 
side and of the boot 142 is tilted en the spacer 140. Furthar, a $ml ring 13S rs prGVidcd between ^hc mp.oi pet^ptmml 
surface ol the extc^rnai side end of Ihs^ outar race and the outer peripherai surtaoe of the iritermedjaio portion oi 
the tm> body 13 1 . A combination s«ai 143 is provided between the inner peripherst suflace of tfjo Internal side 
end of ths outer rac© 111 md ihe outer p©rtph€^ral surface of thes intornat side end of the inner race 132. Openings at 

^0- both ends of a space 1 44 m whjch the plurality ol roiling members 1 2ia, 1 21 b are di^poseds ara sealed dy thsse eeaJ 
rings. 

[0083] Further, im ouim race 141 serving as an oute? race oi cof?i5lafif velt^t^ify joifs^ 101c forr?jed at a pofiion, on 
which th& ?nn&r rac^ 1 32 and the extem^t side end of the boot 142 ars fitted: at the irtfernai sfcfe ej^d of the hub body 
131 An inner p^sr Ipherat surfaos of ihis outer raco 141 is formed with slight streaks of outer engagement grooves 108, 

4S iOB, Ths engag^mant grooves 1 0B each lakirig a circuSar afc configuration in ssclion, ar^ formed in a diraction right- 
angfed (m th$ nght-and-latt difect^on in fiQ~ 5) to the circumfefefTtiaJ dlrectioj^. Mof^sm: an innar race 102 for consti- 
tuting the rxeppa type constant velocity ioint 101c in combination wfih ihB outer raca 141, is dispo^ad inwa;dty ot the 
outer race 141 . Then^ oirter peripheraf surlace of Iho inner race 102 is formed with etghi streaks of inner engagomsn^ 
grooves 107, 107 in the direction right-angfed to the circumferential direction. Then, totalty eight pieces of bafis 104 

so am so provided piece by piece for each of \he engagement grooves 1 07, 1 0S as to too capable of roiling between these 
fnnef ongagemer^t grooves 107, 10? and ti^s outer engagement grooves 1Q8. 106 m a state cf being mlc in pockete 
1 1 0a. 1 1 0b ot cage 1 09b. Fujihermore, a aplme hole 1 45 is formed extending m the axial direction at the eentrai portion 
of ih& inner Eac€i 102. An edg© poi1o> of Sf3 uf??ilustraled drive sh^ft is sptsne-engaged witf^ tfse spiine tioie 145 in a 
state of b^sng asssmbisd to jhe asjtomobiie. whisfaby me hub body 151 can be rotai?onaify dmm throtjgh th^ sight 

^'^ psoces of ballB as wefl as through the Inner race 102- 

[00S4] On it's0 olhof har^d, a acrean board 129 iot cjosing a centfai ^^pBml portion ot ihQ hub body providod at x\m 
center of a central portion ot the hub body 131 , thereby ensuring a rsgtdity of the outer race 141 and preventiiiig foreign 
matters from psnneating into the constant vefcctiy joint frorrj outside. 
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[00$&] In the constant velocity pint constituting im fourih-generailon hub unit having ih^ abova-cfescribsd conftgu- 
fsftion, a feiatEOnshfp betweeii ifie rnajor diarnater Da (sm ri3.. 1 ) of each o? Ihe eight bails 104,; 104: ^ width w of aach 
of the column me,mbmi^ 130 ooiisijluting the cage 109b, and a mtio of this major diam«:4er al each of the balls 
104: lO^-^ iothethlcKnsss t^tses FiG. 4)ol6aGhcoiismn momber is contfoited within a fango sauslying; (O.D54;'r|) 

[00^63 reason why ccntfoEEed wiit be f5h;cidali5d rel^rring to FIGS. 1 1o 4 

{0087J Given llfst i:s an expianation of a rajationship between a load a:;Owabie to an J^pingemant portion between 
im roiling surtac«js of ihe balls 104 constttuting iho constant vG.^oci;5y jojnt and to ivs^o trinsr/oulof ongagom^nt groovoe^ 
107, "SOS, and the major dlctrmtef the ball 104. 

[0088] A mfim of cun/s^ture ot a sectiotiai cc^'jftgufaticn o! each of the two engs^sn^ent grooves 1 07, 1 08 is norrrBlly 
sot to a value fri the vtCEnity d 51% (0 61 D.,) of the major djameier D,:. of the baH 104. If xhm value is too mmW ia value 

appraxifnale to 0 SD^), a cotiiact allipse e>ilst^rtg \n me impingement pen ion de&cfibed above ?s ^^asy fc run ors^o the 
shouider poftiai of ih'^ sngsgsrr^ajit groove (the inner ^ngag^Ff^ent 9!'or:)ve 107 or outer ei^gagemenl groove 108). 
Then, when rjifinjng iher©on. ari edgB Soad is exerted upon jhe rolling surf^ice of fhe bjQ^^ 104, and this foiling sudacs 

J5 might fee exfoliated at an earJy sta^o. Wisr^as If tho above va^ue is too large (a valito mil over 0.51 D^), an area of 
ths contacl eWipm axisting irj the arnpjngament portion described above is dlmintshad, and ft folfows that a surJaoe 

pra^^ure appEied onto the snner sarfacf? of thfj engagement groove and the roHsng .=>5j>iace o\ the baii 104 at -he im- 
pingement portion ih^rebetweorK beoomes excessively high 

[00893 ^^^^ o^^'^^f conaiant velocity pat is f^quired to satisfy im following condiJions {1 ) thr otigh (3}. 

^ [OOSO] (1 ) A maximum allowabte surface pr^ssura al the irnpingernant porjion is set lo 4200 Mp^,, 

[DCJ§1| The reason Jor thi:S lies in smoothing tha rolling of the bail 104 when the con:Stant velocity |oint is oper?Jted m 
a siatG oi giving a joint angle, Namely Ihe surface of each cl the two €Figagernent grooves 107;. 10S m hafdened lo 
such an ^JXteni that a sitfface hardness th^reol is on ihe ordsr ol Hp^CSO to Hj^C64 by liafd^riing a car ban stesl, If a 
surface i^rassure (a contact stress) on the order of 4200 MP^is applied onto the inner sddaoe of each ot the two 
engagfjmsnf grooves 1 07, WB having the above siirfaces hardness, a sum of permanent defonrsation quantsttes of tha 
bail 104 and tne mmr engagiomont groove 107 or the outer cngagorr^ont groove 108, is approximatofy a 0,000 f4otd 
valuo ot ih^ rnajor diarnet^jf of ihe bait 104. ft the stim ol the p^fmanent defonTiation quantities i$ ovar tsis 
(0.0001 '(old) vaiu«, th« bati 104dos?5 noS smoothly joll, resulting in farg€5 torque Joss in ths oansiant vs^locrly joint. 
[0(^2] (2) A contact angSe ot the ball 1 04 to each o? the tvtfo engagomen? grooves 1 07. 1 08 is set to approxi^tely 

so 40 degrees during the operation of the constant velocity joint, 

\i a value of this contact angie is ^oo krge m^ll over 40 degrees). a contact etiipse ^asy to run onto the 
shoulder portion of the i^nner engagement groove 107 or the outer sngagerr^ent groove 106. ard the sdgs toad oc^curs 
crs the rollirig suFtac© of the ball 104 as in the case of reducing the radJits of curvature in section ot each ot the en- 
g«ig€^ment grooves 107, 106, wsth lha result that th« roiling surface freight b€ s>5foliat9d at thi& early sla^ja. Whare^is if 

^ the value of the contact angle se too ^mail (welE under 40 degi'Ses), a value obtained by multiply ing tfie load ap-p^lied to 
the ball 104 by stn 0 becomes a load componeni in atof que transmitting dtrcctionc end therefore the to^x^l3e trans rnitted 
via the bail 104 decroasos at si^ch a rato that tho load applied to the ball t04 increases, vvhich m^ght iae co.neeived as 
a design exhibiting a poor efficiency. 

[0094] (S) A ratb of the major diamater of the bail 104 to the diameter of the pitch circle o? each of the piumltly 

of balls 104 fs set to approxirtiately f .M. 

[0095] When the nism&er of the balls jncorporated j^^to the constant ve^oci^y pint is mi to B, the ratio of the dsameter 

of each ball to ilia diarfvtJiej of ihe pitch oiEcle sknilarly becofnes appfoxirfjjilely 1/4. 
[0096] if this ratio is tcso large (well over 1/4), the major diameler of sach bait increases, and a ciroun^ferer^ce- 
dlrecttona; lertgth of tha pocket 110 ot the cage 109 for holding those balls, becor^es lar9e correspot^ding to that 

45 diamalrlcal increase, ConsaQuent^y^ th^ width of Jhe column members sxislirtg between the pbckats adjacent to Bach 
other m the ciiXjiifMejeiitsa^ direction 'e narrowed> resulting in a deficiency m terms of th^ strejigtf^ of each coiitmn 
mem'oar. 

[0097] Whoreas ^ the above ratio Is too small (wstt under 1/4): the major dfeimetor 0^ of each ball decreases, ft 
follows thst that torque capacity of the constar^t velocity joint dlmimshes. 
^0 [00983 i^^^^ ^^^^ corsdiiion (3) among the conditions {1 ) io (3) given above is the value related ^o the width of the 
eciiimn merribar. ho^vever everi vvtien the ratio (1/4) itself prescribed by the condition (3) titjctuate^, there must be a 
$mm Mmm^ upoji tl^e maximum surface pressure of the contact eilfpse existing in the above Impingertient portion. 
Herice. thefolbwtng caiculaficsi is earned out lakang no account of a devisttiort ffOirri the mile V4. 
{00§§] A relatior^ship behvsen the maximijiTi sarface pressLire of thQ coitact eSlipss md ths ball load is expressed 
based on the Hertx formiuta m follows : 



13 



£P 0 aSO 824 M 



ii'V 



(1) 



A. 



5 [0100] Thfou9hou£ the forrniiSst {1 ) and the lormuias (2) * i?) which wfSS hemif^afSer be givsB, Q Is the ball load (N)< 
p is the tot?*! sum of Ihe main cufvattires> is ihe mapr dtamfBtof {mtn) ot the ball f Is the raiio of tb<^ r^^tus of cijrvaiuffs 
of the s^ctEonai cont;:9umJk>n of of the twO' groups ol inner and outer engsgemorrt grooves to the rmpf diameter 
0? the ball an<i s^l to 0.51, 7 i§ the value given by Da^ cos6 / d^,. am m to in this ca^e;, and the 
diaEr.0U?r O: the pitch ciicte ol tho ball 104 f) this cofUaci of tJiich baSS io \he iiMutal suflace C3J le^idi oi iha two 

/c? groups of inner and outer engagement grooves snd ie set to 40 degrees as descrs&ed above. 

[0101] Further, there is msd^ a cateJailon with cos ? serving as a pammeter about the Inner mce having iis radius 
which Is sm^iller than the ot^ier race, and iherefore havlncs an :incrsased stress based on the contact with each baii 104 

... ■ V* ■ ■ ■ .... 

in accordance wstn the toSbwing foriTiuia (2): 



2 7 



1 ^ gY 

^;0S 1 rr: ^ ^ rr 0.9637S (£) 



4 - i -^ 



where ]x es 50. v ts 0.36, and Z pis (2,5129) 

[0102] Whsn the above value gsven by a? 4200 Mpa is subslituted together with values oJ |i, v and Z p Into the 

formula (1) givon above, tho following lofmuJa (3) is otJlainad. 



[OIO33 N3><t: it Is required ihf^t Jhe ratio t{ {::: y'D^^ ot the piaie thickness \^ of the cage to the diajirietef 0^ of the ball 
104 should satisfy the fotiowing formula <4): 

$0 



yp^^O 16toa30^r^ (4) 



[01 04] If ihe ratio t/O^ becomes smaller tian the rsinge in the tormu la (4), ttte plate Jhicknoss \^ oi ? he Ctjge becomes 

too small:. In this €a,se, the width o! the column member mu^t be sxtTfsrn^iy increased m imms of a jiscQssity for com- 
p«3nsaJif^9 a de(iciijncy in the simnglh ot th«e coturr^jt rrti>mt)i2j; a result, the dlairt^jier D^^ of ihQ bail 104 dtrrjinlshes, 
and the torque cap^tcfty of the constant velocity josnt decreases. 

[0105] Whereas it tne ratio ^/D^ becomes larger *^an the ^nge jn the formula (4). the plate thickness t^ of the ea^o 
becomes 100 larcje. Ir^ ihts case, it js impossible to enst^re a groove depth of one or both ot the snner engBgcrnent 

grcjov<? existing; on th© sid^ of ths mi nor di^im^ter of the c^ige and tS'iS out^r engagement groovsS stmliarty existing on 
the side of ihe major dlarrseter, and the rolling eurf^sctj of aach Jsalt eaay 10 run or^ the shojfdar portion of the engage- 
ment groove, Then, when running thereon, the edge joeid occurs on the roiiing surface^ vvtJh the resulf that this rowing 
&uf^ace might be exfoliated af the early slage, 

[0106] Given next is an explanation ol a load P applied onto annuiar portiona,, existing at the hm portic^is of the cage, 
I.e., the {y^jo axsai side ends thereor, m xvh^ch the two axiaf side ends of the column merr^ber aro oonnec-od in the 
case oi opeiBtIng the constant velocity joint in the state giving the jofnt angSe (180 degrees -axsal crossing angle), 
[0107] A joint af^gie a' is set to 4S d&gr^es or larger as a preFoqulsite. The cet^tef of a botlom surfece I07a of ^he 
fnner engagjsment groove 1 07 and tm center of a bottoni surface iDSa of the outer engagfs^ment groove 108, are of set 
each Giher ;sec FlO. 21 ), and, with this offset, the load acting on ths cage :s minuto enough to be negligible. Then,, as 
shown in FiG. 1 , only the lead acling on the rim portion at tht^ joint angle a' \b Saken into conssdoraticui. As in the column 
members shovvn the two right and lefi side ends in FiG. 1 . when the oosumn member of the cftge 109 assumes a 
phase ot 90 degrees to the plane including the camar of tfse drive shaft and the oentar <^ tfie df^^en shaft, the niaxlmum 
ted is exsrled on the continuoys portion besweon the above coitimn member and the rsm poriion. Whsn the eight 
pieces ol bails ar^ incofpg rated into the corpstani velocity pm, phases of the cani^fs oi the iwo Mis 104; 104 adjacent 
to the coiumn member (lO' whkih tins maximum soad is srq:: plied) frc^n the plana snciudrng tha center off the 6me shaft 
and the center of the driven shaft im 67.5 degrees ((i) and 11 2.5 degrees, respective^ Then, the mme toad obtfitned 
by the fotlowEng tormuia (5) acis on the above cc^tinuous porSton resf^ectiv&ly from ths two baiis 104; J 04 adjacent 
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\ 2 
,v [ tan^^ (tan 4 5 " -s in 6 7. 5 ^) j • • • {5} 



2Qsin i 

^ 2 

0. ?29Q 



[01 OBJ NaKi. the tod .^pp^isd to Ihe £X)3umn member of the mge bes sxpEasned with mlersnce io RGB. 3 • 4 The 
load applied to a rim portion 1 46 of tho cage from ©ach ball 104 is rocetvod by th«5 column members 1 30, 1 30 of #sich 
respective side e^-^ds are connected to this rim porlson 146. An allocation of the load aetinc^ on md^ ol the column 

meaiber.f> 1 30', 1 30' is in]\mncBd by figisdjliesof t:hf? rim pDfiEon 146 and of the column membef-s 1 30, 1 30, and Shejfdore, 
strictly speaking, requires a calculation such mPEU elc, Nomnaily. however, takmg account of the fact that the major 
dlarY^etor of each ball 1 04 is 1 0ri^m or larger and that the pitch bet w«jen the column members 1 30. 1 30 Is suf Icj er«iy 
larga, if it is assitrr^ed not thai the load P borne by all ihe column members bisJ thaJ a haJf of ibo load P {P/2.) applied 
to the rim portlor^ 146 from each bail 104 is squally borne by only the two cokimn membera 130. 130 adjace-nt to the 
bais 104 concerned;, the ^oad cart be approximated in such a dlroction that a safely faet&r is enhji^nced. 
[0109] If thQ material oi tha cage i§ a &teei subiacted to v-^emant Iwdefiing or induction iwder^lng, II \s conceived 
difficult if^ tarms of utility to produce the stesel so that a tensile strength cFg is always kept at over 1 470 fvlpa. \X is tharef or© 
pf-3ferablf? to make adasign with such a critenon fof a limit stress thai a valua of cf P/(w ) is 1470 U.pa. As describssd 
above, the [oad appyod to tho ro^poctive column mcrribors 130. 180 b approximated conrsparatlvoly latgo^ In the 
direction whee-e the safety factor is enhanced, and hence this value can be estimaJeci :S0!Tiewhat Jargely 
[01 tO] A taligua slrangth is approximaieiy a t /3 valine of the f ensifa stranglh 0g and hance . if tha tensila strangth 
o^ is set to over 1 470/3 = 490 l^a. it becomes over ft^e tatigua strer^g? h. It cm not be, howevar, coasider ed that whan 
using the constant vsfocitv^ join?, there fs always appfied a large torque to such an extant that the nfiaximum surface 
pressure becomes 42Q0 Mpa al the pml angle a' of 45 degrees, x^f^kh irnplses that an excessive alsowance is giv^en 
to the value.. If ihe axcesstv^ anowance is g\mn to tha valu^ of th^. tansise strsiigth <?jj, th^s might faad to the reduction 
In the major diamstsr ot s^ach bail 104. Tf-ian. as daschb«jd above., an exfdtation Hfe-span decreases, resulting in 
an ill-balancad design. Accordingly^ Ihe stress based on the load applied to the coiismn members of the cage should 
be m\ to over 4S0 Mpa ti:nder tf^^ worst condition, incidefTtaily: m the discussson given above, only the tensjfe bad 
acting on the cofumn rTi>3mbers 130, 130 is taken into consideration:. A large bending moment is, however, applied to 
the proximcii anas of the rc^specttve coiumn moiTsber^ 1 30, 1 30, i o. . to the connecting portbn ^^ith the rim portion :4S, 
Th^retore: 8e comef R o? ttm connectfng portton has sufficierttiy a large va^u^e {a 0.4-to O.S-^foid value of the major 
dlameler D,^ of the ball 1C4), and it is required thai jhe cage should not be broken at ^his connecting pojtfon 3as«Jd on 
a result of the above eKaminaiion, the stress app^jed to met) oi ih^ ooiumn members iSO. 130 should satisfy the 
to[[owing tormuEa {6}, 

where w is. as shown mflG. 4> tf^e ave?i89e of the width vy^ of the columri member 1 30 on the side ol the minor diametef 
and ihe WEdth or the side of the major diameter. Note that in the case of !hcs cage in whicb the plate thickness is 
different \n the m.M difection, there is laKen a value ot \^ m ^uch ^ position that the sectlon^J area w * 1^. is mmimi^ed. 
[0111] Then, when the above fofmiLisae (3) - (5) are substituted t.r^jQ the sOsmala (6), \he iolfewing formula (7} is ob- 
tained. 

D. 5^w^x i/j 

[0112] Namely, as descfEbed above, a relationship belween the majof diamsler of mch bail tfie widJh of the 
column member in the ctomferentias direction, and the ratio t^ / L\) ot tf^e tfsioknees t ot each ooiumn member 
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in the dtarrielrlca} dirsctlon of the cage to the major disiTsslgr oi each balL «s controlted to (0.054 / f( } > D^^ w 
(0. lS/f^) - G;j. in Ihts cas>s, is feasible to suHtejerjtfy ensure both of ihe slmngih of Ihe cage artd the roiling fatigue life- 
span ot each of !ha inner and outer eng^gtjmenl gfcoves and Id down.si>:eth>:3 con^^tant vef-DCfty pint, whjcli cD>ntf ibu^es 
the ut ilizste of the so-oaiiied fourih ^erteratbn ht>b unji in which th© outer ram of the cor^stant velocny joint is intogmJisd 

5 with the inner race of tise tctHrtg bsasirEQ unit for supporting the wheel Note that the caSciiSato in the formula (7) does 
no! t«kf? accounl of ihe ?SiCl 1h??! faiis within thi*^ range of (3 1& * 0.30, how^sver iJ de^^igned so thai falSs sviEhin this 
range, as obvious from the explanation the tarmuta (4), an weii-teafencad dessgn ss attained. 
[01 1 3] Th0 cof^stan? v«iloc%' jorit the fi^^ ^mbodlmont according to the ?Jf si aspt^ct of the prGs^^rH snv^ntian Ja K^s 
Xm ^XmcXutB capable of dkr.tnsshinQ the majoJ dlamele? by a^ttin^ the nurT^er of ih& for JransmsHing \he rotar/ 

w force to 9. and be^fdes it is possible to actualize ths constant velocity josnt wf^lch is smaN-sized and exhibits an excellent 
durabiitty Accordingiy. it is pcssibfs to attain tho dovvr^si^ing and reduction the weight of the vi?heej<>fie?itod fcJfing 
bearing tjnii known as the loisrLh-ganeia^bn hub m\\ inJegraiiy incorporating the consiant velocity ioint while ensursng 
the sufficient durabiEity; 

(Second Embodiment] 

[Oil 4] Hexl a 5'3Cond embodiment according 1o a second a&p>3Ct of the present bvantion and modified exBmples 
thereof w;[l be d^sscfibed with rolersnce to FIGS. 6 - 6. Ths \(V^hofe stfucture of the constant vefocity joint ^in Ihe second 
ombodimem which wilt be noxi discuss^^ wiH bo i^lustratiJd tho same as it Is depicted in FIG 21 or 5 in the following 
i?^' discussbn, md hence the ilfuslfatlon thereof is omitled. What k illustrated and exfjlasn^d herein is only tt^e principal 

portion required for dascribinQ the second aspact of the presBnl inventfon. 

{011SJ FIG. 6 shows Jhe second ombodsmont aDOording to the second aspect oJ ih>3 pfosetu Envsntbn. \n the case 
of the secof^d em^xi'dimenU a center of ctijvalisre of an ouier peripheral surface 202a of an inner race 202 and a cen-er 
of c^waturs of an inner peripf-^sfal surface 2G3a of an outer race are concentric on the same central point O. 
Gof responding to Ihts concent rtcity, c ua'atyre centers of outer peripheral surface 209a and an Inner peripheral surFaoe 
20 9h 0; a cage 209 are each conoontrtc on the centrai point 0 os osciaUons of a constsnl ve^oct^y joint 20 la, Accord- 
ingjy; a thickness (excluding t}Olh of side edges in the direction) ol the cage 209 linsform in the mM direotos 
To be rr^ore speoific, she thickness {^^ memge thickness y of the cage 20^ is 1/2 jj^. (Dg - d^.)/^} of a difterence 
between a diameter ot the outer peripheral surface 209a and a diameter ot me inner peripheral surface 2G9b, 

so [0116] During an operafion of the ra^etructed ccs^etant velocity join? 201 a, the bail 204 as indicated by the 
dO:5^d line m FIG. 6. oscHlates in r^cbroca^jon together with the caoa 209 mMp, a mme of an anoia B with a neutr-ai 
position indicated by the so^^d [ine m FIG. 6 being centered. Then, with these fec:iprocative o&ciSSations. the ball 20a 
dlspfeaces in the dsametrtoat direction oJ the cage 209 aiong a bottom surface 207a of inner engagerinent groove 20? 
and a bottorn surface 209a of an oi^ter engagement groove 2C'8. With th&redprocativeosdllalions andthedispiacemem 

^ in the diametrjcai dir^tion, th^ eage 209 oscitlatas while oesng guided along an mnm peripheml surface 203a of the 
outer race 203A, m6 a portion existing at a poin! QD in F:G. 6 in the neytra^ stale, with a <y:2 oscillation of the cage 
209. shifts to a point Q in FIG, 6. Then, at ths point a rowing sunace o! the bcj[[ 204 becomes cfosost to a ponpherai 
edge of an opening on the minor diameter side ot me pocket 21 D. Similarly at a po^nt R this roilir^g surface becotmes 
closest to a peripheral edge of an opening on the nriapr diamelof S5de of the pocket 210. 

m [0117] Baeed on such a siracture. It a ratio Ri {- 0^ / d^v,) oJ the diameier 0.^ of the outer pariiphem] stirf:aee 209a ot 
th^ cage 209 lo a diameter of tha pi^oh crroJe of each of the plurality of bafss 204, is set such m t .06 < f^. < 1 /ri , 
li is feasible to pfevofti m wTspin^ejnerU of the foilisng surface iipon the p^rEpfiera^ edge:* o? ihe opening on the rfK^jor 
dl^.n^«ter side while er'isuring a smooth operatbn ot the constant vsiocity joint 201a. which mi^ht lead to a damage to 
the per i phe-iit^ edge of the opening on the snajor diameter side of the pocket 21 0 at the point R as well as being possible 

^5 to preveni ihe roiiitng: surfcjcs of each ball 204 from running on the edge portion oJ the opening of ths outer eng^igement 
groove 208. 

J0118J rurtf'taf. 3 a m\\o f j 0- 4a ' ^m) dtameJer tha inner peripherai su;tiaoe 209b oi tha cage 209 to the 
diameter d,^, of the pilch: is set such essC 945 < r j < 0.99S, it is feasibie to prevent ths impingement of the rolltng et^rface 
of ^sch ball 20A upon the peripheral edpe on the minor diameter side while ensiiring the smooth ope^Btion of the 

so conslarst velocity joini 201 a, wS'tich might ^ead to the damage to Ibo periphefat edge on th3 rninor diameter ssde of the 
pocket 210 at the point Q, as we^l as bmg pc^stbie to prevent the robins surface ot each M 204 itom running on the 
mg^ portion of the opening of each of the erigagement grooves 207. 208. 

[01 19] Moreover, If a fatio r^ a major diameter D^j of the bati 204 to ihe average Ihscknejss % of the cage 209 y^ucU 
h expressed by 1/2 of the dEfference between the diameter D^. of the out^r peripheral! ssjrface 2098 of the cag^ 2D9 
^5 and the diameter dc of the inner peripheral surface 209b of the cage 209. is controlled wilhsn a range of 0,16 < r^ < 
0,30; it Is pceetbie to eetabliah a confjpatibiittv between erieuring the esrength mdt Vrm durabiSty of the cage 209 including 
the coiumn member existing between the pockets 210 adjacent to each other in the eircusri^erentla! direction, and 
ensuring & ted capacity ot the constar^t velocity jo^nt 201a by securing depths of the two inner;^ter engagement 
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grooves 207, 206. 

[O120j Hml FiG. 7 shows a first mod if ted exampfa of the second embodFnne{Tt of the present snvsntion In ihe case 
of -he Ifrst mcdififjr; example Ihereo:, a cun/^iiure center A of lh«3 ^outsjr pisrlphi^raf suf'^^ce 209a ot the cage 209 and c! 
th^ innsf peripheral surface 203a of the oul^r race 203A. es disposed b^lmm ihe cc^ntrat po;nt O of the oscsiialson^ 
of the constant velocity joini 201a and a cuivature centet of the bottom suiface 20Ba of the oiiitef en9a9ernen? 
groove? ^DR rurther, a ctirvah;!"© center B of Iho anted pertphrsral surface />02a ot ihn hnnr mce 30? and of ihe inner 
peripheral surface 209b- ot the cage 209, is disposed between the central point O of the oecjilations ot the constant 
veiocstv/ joint 2D1a and a cisfvaturc center ot the boltorn £^urface 207a ot tha InnGr engag^ni^nt groove 207, Accord-^ 
ingly, the cage 209 hae a iarger thickness on tha side oi th^3 opening (a fight sb'e in FIG. 7) of tha oiit^r face £02 A £40d 
has a smajfef thickness on the depfhv/ise etde (a left side in FJG. 7). Such an average thscknese of the cage 209 is 
a Ihickfje&s of the csntraS portion m the aycM dif ectfen ar^d cm be <^tatned aa being 1/2 fi^ {D,, d^)/2} of a difference 
beiwe-en the diameter ihB otiier peripheral surface 209a and ihe diamsJsr d^of the ^nr^sr psrjpheraii surface 209b:. 
[0121] Nsxt FIB, 8 shows a secoad rnodifiad exaj'nple of the second ernbodlnieni of the present invanifon- In the 
case ot the second modified exampte, ihe carvaJure cenjer A of the outer peripheral surface 209a c4 the cage 209 and 

Ot the inner peripheral surface 20Sa ot the outer raoo 203A, is disposed on the opposSe side to the central point O of 
the osciffati^sis of the constant veJodty foinf 201a m^i respect to the curvature center Q of the bottom surface 207a 

of thfj Inner encjagernent groove 207 Farther., thf? curvature center B of the ovMt peripheral ssjrface ?:02a of the snner 
race 202 and of the inner pertpheftjf sijrfaoe 209b of the cage 200, is disposed on the opposite ssde to Jhe centra! point 
O of the osciltatioos of the consSjini vetooity joint 201a mih rmp^ci to the curvature canter ol tha bottom euffaca 
2CSa of the outer engagernenf groove 208, Accofdincjly, the cage 209 has asmsHer thioknessori She side of the oper^ing 
(a right side \n HQ. 8) of the outer race 203A and hs.s a }B.rger thtckness on the depthwise side (a lett moe m FIG. B).. 
Such an average thickn&ss 1^ ot the cage 209 m also a thickness of the centml poribn m the axial dfrect^on and can 
be QfcJlaineci m being 1/2 ft^ = (D^ - ^^^2] of a ditfef ence between Jhe diameter 0^ of the outer peripheral surface 209a 
and the diameter of the Inner peripheral surface 209b. 

fOI 22] Th'^ «lruoluf of the first and sscmd fnodif exampi©s shorn in FJ 33 . 7 and B, as in th^ case of th© second 

embodiment m RG. 6. a^so have rei^ttionshlps such as 1.06 < < t.tt, 0.945 < r^ < 0MB. andO.16 < < 0.30. and 
are thereby capable ol exhibiting the same opemE:bn ar^d elJect m Ihoee in V:m $econd ^mbodirnent discussed cibove 
by preventing the tmpjngern?jnt ot the fotlsng surface of ihe ball 204 upon bolb of the c^pening portions on Jhe n^inor/ 
major diametsf sidee the pocket 210, Note that a geometry of the cun/afitfe centers of the respective peripheral 
surfaces 202a. 203a, 209a and 209b is not limited to what fe shown herein^ and there m^y exist other geometries to 
which ?h0 preseni tnvs^nlsoncan be applied indsviduaiiy. Further, the respective pockets 210are nof necessarily disposed 
at the eqifal intetvafs in the cifcumfsrenlfef direclso?^, 

[D123J Fofbwing Tablas ^2) and (3) show teet data when making a va?iety ot opfions with respect to Dci'dni> del 
dm and tcDa in the ssctanid embodlmeni. 
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[01241 InT^ie {1 } - ihe rrsark O' indscates "acceptablis' and Ihs math X jndica^ea 'norK^ccBplable'*. 

[01 2S] The constanl velocity join! in the seco;^d embodsmsni as consta^ctsd and opf5;ra::es as dascrtbed above, and 

hence capable oif ensuf tng both of the load capacity and t durability of the cage ?of hosding the bai^s with the structure 
In whfch \m mi^jof diameter can bo rodtjced by esltlng Ih© number of the baJSs lor transmiitirt^ the tolary force tO; e g.; 
8 or rj^re. Accordhgly, tE is feasibf© to ;stJaisi th$ dovimsi^Sng and ths decroass in ths w^S^ht of ths wheei-suppor t rolling 
bearing unit known as Ihe foijilh-genemtEon hub unit intagrally incorporating the oonstani veJoc^Jy joint v^'hiie ensuring 
the QUif?clont diirabiltiy. 

j^Thifd En'sbodimentj 

[012$| FIGS. 9 to 12B ijlustfai^s a ttiird ombodtmont of a consianl veiocs^y joint according to a thsfd aspeol o: the 
pfssent invention:. Note that the third ejisbodsment d^ls with st slructure oi ifjcofpofaling the constajit velocity phii of 
the present invsrttbn tnto a fourtS^-generation hisb unil. To start wtlh, a etructiire of thte hub unit will be dtscussed An 
otiter race 3ii, which doee noJ rotate that is. is he^d §tatk»iary in a state ot hesng supported on a suspension {not 
shown), incEudes a first Mmg fsangs 31 2, fornad on its outer psrsphera^ surface, supponing this ou^er mce 311 on 
rh^ suspension; and plurai Is'ains of oui^r r aca Iracks 31 3a, 31 3b Iojiti^ along an inner perfphsrai ssjifface, resp^ctfv^eiy 
A hub 31 6 co?i!ipossd of a first mn^r race member 31 4a and a secotid inne? race rr^ember 31 6a is disposed concentricaj jy 
with the outer raco 311 Ofi the side of a mk\or diametor of the outof raco 311 . First and Sfecorid inner faco ImckQ 313, 
520 are respectively formed m positions on the outer peripheral surface of this hub 316a. which face to the outer race 
tmcks 31 3a, 31 3b. Of ti^ese two inner race iraeks 318, 320, fheftfsl inner raCQ tracks 31 S m formed dtmot^iy on an ouim 
periphf^ral surface of an lAlermediaie portioji ol the firsi inner race mxsmber 31 4a . Further, tha secoad innar race rriember 
31 5a is externally fitted to a portion, closer to an internal side end (cioser to ^ nqhi side end m FIG, f ) thsn th^ portion 
forrned with the first i?^n8r race \mck 313> of th§ si^fermediate porto^ of the first mm mca nnember 314a. The second 
mmr race rnack 3J?Q formed on an out^r pertpherat i&Uffaceof the second innef racift member StSiS. Then a plurality 
of rolling m^-mbers 321a and another p[urality of roiling members 321b are so provided ss to be capable of roiisng 
resp^jctiveiy b^imm the outer mm imcks 31 3a> 313b and the ftrst and second snner race tracks 31B. 320, whoreby 
the hub 316a m rotatabJy sispporJed on the mtm m^o oi the ouier race 31 1 . 

[0127] \rt the case of this example illustrated h FIG. 9. as described aixtve. the l^fs^ snner race t?Bck 313 is fomied 

dlrsc-ly on iha ouAm psriphem? sufl'acs ol Ihs first jfiner race member 31 4, whersby a djam0SGf of the first inner rJM 
track 318 is s^t smaller than a dfam^t^r of th^ second Inner race track 320 lorm^ on the osjter peripheral surface of 
the secorsd iF^jier race member 315a. Fu Ether, with Um contrivance of thus setStng She diameter of the fimt inner race 
rriEtck 31S smaller than the diameter of the second inner race frac k 320, a diameter oi the outer race I rack 31 3a on ihe 
outer skie r imply ^ng an outer side in a widthwtee -dlreclEon of an automobile in b efato ot being assembled to the auto- 
mobiie, i.e., a ieK side in F[G,. 9) wi^sch (aces jo the lir$t ^nner race Ir^cM 31 8> ss set smaller than a diameter of Ihe ot:ter 
race track 3lJ3b on the inner aide (implying a cenirai side in the wjdthwise direction: of the automobile ;in -he slate of 
beir^g assembled to the automobjie. i.e., an9hte^delnF5G.9), Further.art^ajordtametef of an ouser halt portion {whioh 
is a half portion or^ the outer eide in the widiBiwise directson ir^ tihse state beEn9 assembled to the vohkjle, l.e,, a {eft half 
poj Ebn tn FIG. 9), formed with Ihe outer race irack 313a on the outer sfde^ of the ouSer racs 311, is set srrmller than a 
ma|or diameter oi m mm^ half portion (which ie a half portion on the central s^de in the vi;idthwfse dlfaclfon in the s1:ate 
beifig assemibied to the vehicle, i.e-: a riglii halt portion in F;G, 9), formed mih the outer race track 31 3h: on the snner 
side, oi ihe ouier race 31 1 . Moreover, in the example shovyn 8^ FiG . 9, with the settitsgof thus decreassng the diameters 
of the fir&t Inner race track 31S aid of the outer s'ace track SI 3a. the number of the toWhq members 321a ptwided 
be- wean the first inner race track 51 B and the at^ter mce track 3t3a on the outer skie is seS smailer Shara the number 
of tho roiiing mcmDore 321b provided bctwoon the second iriner race irack 320 artd tae outer (am track 3i 3b on the 
inn tar stde . 

Moreover a secortd [siting flange 31 7 for supporting and fmng the wSieel to ihe first inner race member 31 4 
Es provided Integraffy with the first inner race mennber 314a on arr otiter periphemi surtace of an external side end o! 
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thft tirsi Inner racs membsrSi 4a. ProKimat ^nds of a piufali^of sjucfe 332 for joif^lng th^ wheel am flx«d Jo the second 
fitting flange 31 7. In the case of the exampss ifiyslrateci In FfO. 1 ; a pr^ch clfcte diameter o? each of the pliff ality of slucis 
332 is rediiccd to mch a degree as to sjmferjy set the mapr diamet&f of Ihe outsr halt port son \he oulm mce 311 
than the major dlarrietetr of the inner half portion as described above (to such a degree that s hm<i 333 ot each siud 

5 332 ctoss mX Inten'sfs with the outer psnpheral sufface ot the extemaS stde ef>d of iiie oirter race 311 ). tote that a 
di?*rr!0i«r d? a portbn, extstir^g mom inwards in Uis axial difSJC^bn than a por^bn forms^d with th^ ftmi jnnf?r race track 
318, cl the outer psrtpHeral surface oi tha iir^t mm( race mamber 3i4a aet smaller than a dfarristar ot m iascnb^ag 
circle of th9 roiling membt^r 121 a corresponding \o the fis^st ^nnar j"aca track 318. Tha reason why so that v^iion 
assemtltng tj; ie wheeS-st-ppoit mllm^ baaring unit ih^ plurality of rolSin^ m^fnbe:B 321a are fiss^rnbtee on Ihe side of 

w the minor diameter of Ihe outer race track 313a loaT^ed on the inner peripheral surface ot the external side em3 of the 
outer race 311= arid a seat ring 334 is internally fixedly fitted to m imet per^phoral aurface oHho eKternal side end of 
the ouSer race 311, irj whsch siate XhQ firs! inner race member 31 4a is mads mserlable into Ihs \n^\dQ-6mme\ma\ portjon 
of the oiiter race 311. Fijrtber> a w^si-si.snk poftion 335 taking: a races^^ed groova-^ske shapa ^is fer mad along the ant^ra 
p^jriphery at s por^jcn, between the ^Irst irsner jbcc Irack 31 S and ^he pottbn externally lilted wish the second inner race 

member 3iS, on 810 outer f>er5pheraJ surface of the jnterniediate portion of ;he firet inner race member 31 4a> thereby 
reducing a weighf of the first inF^er race member 314a. 

[0129] Morecver. a fjlop ring 337 engages W3th an encjagemeni recessed groav;? 3.S6 formed aiong the entire pe- 
rlpnery' ot a portion, closer m internal side and ot ihe outer periphara] surface, ot thel^rGt inner race member 314a in 
order to keep to a proper vafye a preseure gfven to each of the pluraljly ot rolling members 321a and the piiiraiity of 

^ rolling members 321 b so provided as lo be capable ot rolling between the outer race tracks 31 3a, 31 3b and ihe first 
and second inner naoa tracks 31 320 by p rev anting \he second inner race ?rtembef 315a externally fit- ad totha tirst 
mmr race member 2i4a from dispiactng to^'ard the inlernai side end in the axSa^ dftection,. This stop ring 33? is con- 
slrucied o: a pair of stop ring eierrtenls e^ch ae&umjng a semicircular shape. Ti^ie ^hi^s constf ucted stop ring 337 makes 
tts own ftiner penphei^l edge engaged the engagement recessed groove 336 whi^e pressing the second inner 
race rrifsmbf^r 31 5a against the f srs! imm race member 31 4a oufwards in the axial dsreclion in order fo give ths prq^er 
pressure to each of the rolsng m^ombors 32ia, 32Tb. The Btop rin^s 337 having proper thickness dimonstons are 
$e}ectlveiy used ia K^eptng each of the rotljng rnembers 32 ta, S2Po given the proper pressure even rn a stale where 
the force pressing the second inner race member 315a outwards tn the axial dlrectfon is canceled. h/ior& specilicaiiv: 
there are prepared pluraJ types of stop rings 337 slightly different from each other In terms of their thickness dimensions, 

so and ^e stop ring 337 havir>g the proper thickness dimension in relation to a dimension of each ot the constructive 
merrsbers of the iom>^ beari:ng unit such as a groove width of the engagement recessed gmove 33S, is chosen and 
engaged with the engage?rtent recessed groove 336, Accordingly, vi^en this selected stop ring 337 engages with the 
engagemefil recessed groove 338, even it the pteseing force is cainceied.. the second Inner race metrsber 315a is 
prevented from displacing foward Ihe internal side end in the w^M direcfion, whereby each of the roiling members 

^4" 321 a. 321 h can: mmmn to be gfven the proper praasura, 

[01303 f^Ltrthcr, a pari of a spacer 338 is disposed along me pcrfphery of the stop ring 337 m order to prevent the 
stop ring 337 from being unir^tentlonally djsangagsd trom the engagement recessed groove 336 due tooutv^ard die- 
placements, in the diametrical dtrectiori. of the pm of uiop mg elements constituting the strop 337. This spacer 
339 is a member for supporling a boot 339 for prevenJing tomlgn matters such as rain waJer and dusts etc from par* 

'^0 meating into a constant va^octty pint Q01 c constructed of m. ouiBt race 3038 provi^ded M ;he irjlemai edge ot the inner 
race memher 31 4a m such a way thai the external side end 0? the boot 339 [$ fitted on the spacer 33B, Ho\^ that this 
boot 339 ififtegrally forr f^ed ot im elastic rii^iitariat suoh as a rubbof md a syrrihe>tic i esiri etc^ v^lmmn an irUcn mtidiatts 
poflloi'i oJ the boot 339 Is iom^6 in a beliows-liks cortfiguratton, and both edges thereof are formed in a cylindt lcal 
shape. resp^ifCJfvely. An e)stefnal sids end ot the thus constructed boot 339 Is fitt^Jd oa the metal spacer 338 fixedly 

^5 attached to ^he intarrial: edge of the firsi inner race member 314a by interfsrenca-fttting, and is pressed against the 
outer parlpheial sij:rfac9 of this spacer 338 by a pree^er band 340. Mom that the mmf pmlpYiem^ su:rface of the extemaJ 
side end of the boot 33S etigages aiong iJs eritsre persphery with the engagement groove 341 lorfned in the outer 
peripheral suriace of the spacer 338. 

[01 31] A portion , protritdfng outward in the axial direction from the boot 339, at the external side edge of the spacer 

so 3S8 is formed In a crank shape in seciiori,, thus constiiutiing a presser poflron 342 aiong the entire pmphery. Pot 
ecnstftuting th^s prmmr portion 342. ihe spacer 33B i§ oon^tntcted of a smaii-dtamatef oyiindr:icai poriicn 343 ftxedty 
on the \mfm\ side ond of the first moi mm member 3 i 4a. a mg portion 344 crooked outward in the diamethoal 
directtof] Uofn the external skJe edge of the srrtall-diametef cylindrscai portior^ 343^ arsd s Igtfge-dsameter cylif^drical 
portion 545 crooi<ed oirt ward tn the Bxml vdirecttorf from an cuter peripheral edge of ihh ring portbn 344. Hien, Bf) outer 

^5 sudace of the ring portion 344 arnong these components ?s brought ioio GOniact mih or dis posed closa proximriy 
facing to the iriner surface ol the stop ring 337, im0. an mmi penpharal sLijfsice oJ the ^afge-diarfiietsj cyitndf icai porto> 
345 m brought mto contact mih or disposed m clom proximity facing to the outer peripheral surface of the strop ring 
337. Fiifthsr< a seal mg 334 is provided between the inner peripherai surface of ths extemstl side end of the outer race 
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311 and the outer p^riphsra^ ^urfacd oi the tniermedjate portion o! the first snner face member 81 4a. A combinalion 
saaf ring m pfovidad^ betm^aan I he inner parsph^sraf surfaca of the IntefnaJ side and of the outer mce 311 and the 
ouier p&npheml surface of fhe jnternai end ci the second mmr mc^, mi:i-mher 315. Openings ai both ends ot a 
space 347 In which Xm plurality o! rofSing momb^srs S£1a.. 321b ars disposed, are scsaM byilieae s^eai rings, 

5 {0132] Fufiher, an outer rac© 303B constj^uth^g the ccsistant velocity pint 30 tc is formed at a pottjon, on vvhsch the 
second inner race merr*fc>er 31 5a and ths external side *5nd of ^he hoot 33^5 are fiJted, at the? snji3rr:at sfcis? end d the 
first tnner race member 314a. An inner psfiphej^j sudace ct this oiMr race 30BB torrned \mh ten sireake of outer 
angagemsrii grooyos 308. The engsgern-^nt grooves 308 mc^ Mking a circular mo configuration in section ^^'hen cut 
oU by an \n\<^g\nmy piane orlhogonai lo the cerUf cjf axis of the outer race 3C3Bt ar45 fof meti In b dif action hght-^inQled 

1^ [m the rlght-arvd-left dfrecto m FSG, 9, i,e., in Ihe sudace-and-underssde direction m FIG. 10} to the circumfefetitla^ 
direction. IVtoreovsr, an \nmf mco 302A for conslituting the constant velocjiy pint 301c in combinatbn wim the outer 
race 3033, is disposed in v\'ardjy of ihe otj?sr race 303 S. An outer peripherc-^: sufsace of the inner race 302 A fs forn'^ecj 
with ten streaks of mmr engagertwti grooves 307 in the dEtectia) rigi^t-angfed to the circtiniferential dtr^tic-n- Then, 
totaiiy im pieces at baits 304 are so provided piece by piece for each of she ertgagemeof grooves 307, 308 to be 

J5 capable of rolling between these ftiner engagement grooves 307 and the outer engagement grooves 308 in a state of 
being heJd in pockats 31 Od, 31 Oe of cage S09c. Furtherriore, a spline hole 348 m formed extending m the ax^aJ direction 

a1 the c&mal port ion of ihe inner race 302A An edge fx:'riiors of m ynflSufitrated dme shafl \s splsne-encii^geG with the 
spijno hole 348 in a state ct being assembled to theautomobite. whereby the first inner race member can be 
rotatiofmjly driven through the ten pieces ot baM as wqW as through the ^nner mco 302A. 

^ [0133] Particulafly m ihe case of the constant vekxily jomi 301c oi the present Invention which is incorporated into 
the hub unit descrebad sbove. the ten bs^lls 304 can be !:ncorpofated into the pockets 310d.. 31 Qe o^ the cage 309c, and 
besides ihe foltovving construction is to be taken for ensLtring ien^h dEmeneionS: in Jhe circumlefential directson, of 
cclumn nrtembers 330, 330 between the pockets 310d> 310e adjacent to each other in the circumferential drrectbn lb 
begin with, the nu^Tjber of the pockets 31 Od, 31 Oe is set to totally 4. Furtiier, the nits^ef of the bails 304. 304 held 
withtn the four pockets 31 Od, 31 Oe is set to Sotaljy 10 Ther^ , ^he namber gI She bms 204 held by each of the two pockefs 
3i0ds 31 Qd existing on the opposite sidO' in the diametrical direction {in the up-and-down direction in FiO, 10} among 
the four pockets 31 Od^ 31 Oe, is set \o 2, and tota% four baiSs are held thej^ein. By conirast;, the number of the baiiis 304 
heid by each of the resTiainir^g jwo pockete 31 Oe, 31 Oe is set io v3, and toiaiiy stsc bails 304 are held -herein. 
[0134] As described above, the number of the balls 304, 804 held In Jhe four pockets 310d, 31 Oe Is chsngsd alter- 

so nateiy m the circumferentlas directsor^ such as 2 -> 3 2 - ^ S. A procedure ol incorporatsr^g the balls 304, 304 into the 
respective pockets 3i0cl, 31 Oe oi ^ha cage 309c is that iofaily four balls 304, 304 are incorporated in advance by im)^ 
into the two pockets 31 Od. 31 Od existing on the oppoeite side in the diametrical direction, and iotaily six bal^is 304, 304 
are iocorpofated thereafter by threes mio tho rermintr^g two pockels 3i0e.s 31 Oe. The ir^oorporating procedure is thus 
conlrolled, thereby rrjinimEzing a Img^ih dimensbn ^50^^ circumferenty direction., of each oJ the pockets 3l0©, 
31 Oe Enoorporateng: ti'ja ba[ls 304, 304 by threes, fn other wordS; a length (La-so^'B) ^'^Qh of the bails m the pockets 
31 Oe. 31 Oe each incofporating the baSss by threes, is set smatier than a iength {^-j^^^^r^S) of each of the baiis in the 
pockets 3iQd.. 3100 each incorporating the balls 304, 304 by twos, tiicreby ensuring a \mg\h Lj^r,: extending m the 
cifcymferentjaf directiorv of each of ihe co\utm members 330. 330 existing between the pockets 3i0d. 3ice adjacent 
to each other \n the drcumferenitiaf direction. Note that pitches of ihe respective eagagement grooves 307, SOS are 

^0- controiied basacs on a relaiionship with the length dimensions ^* pockets SiOds 310e, In the jliustrated 

exampia. the pilch m the circumlefentiai direction is m\ as an inequa: pifeh, 

[01 3S] lite reasc*^ why XUq leagt^j of each of the oolun5fi njembers 330. 330 cart be erisjijrec by^ as describejd 
above, coritrolling Ih© procedure ot incorporating fhe balls 304, 304, wiW be elucidated witf^ reference to FIG. lUn a 
state where of new^y incorporating the balls 304, 304 v^He giving a joint angle to the constant velocity joint 301Cv as 

^5 obvioiis from the descfiption in FIGS, 24;, 50 and 31 , the already fncorporated ba lis 304, 304 displace in such dii^ecl ions 
as to approach each oti^er along the ctix^unTferent^as dii^ction. Furthef: th^ joint angie given to tfie constant vetocity 
joint 30 ic when incorporat^rig the b&^ls 304. 304, ss by far larger \hm the joint angte given to tl>e oonetant veJocity joint 
301c when used (in the etate oi being assembled lo the automc^jl^e). Accordingly Jhe balls 304, 304 jncorporaied 
previoasly Into the pockets 310d. 31 Od fargeiy shift in ihe circamferenttal direction to posttions tndteatec! by the zoM 

so fines from: positions indicated by dotted lines In F^G. 11 , IHence, ti"58 pockets 51 Od, S10d previously incorporating the 
baiis 304. 304 rtimX sutfsaentiy ailow ihe circumterence'directtonai displacements oi the bais^ 304. 304 hetd ^inside 
immri. By cor^lraet. however, it might suffice tliaJ the pockets 310e. 3 i0e incorporating the baUs 304. 304 afterward 
albw (he ctfcurnference-directioriaj displacements of tl'te respective balls 304, 304, which ate based on Ihe joint mgie 
given m me. ThefBtore. as discussed above, fhe length (L^^^JSj of each of the baJte in the pockets 310e. 3lOe 

^5 is set smaller than the length {U-c0^'2) of each of the baiis in the pockete 31 Od, 31 Od. thereby ensuring :he tength L^q: 
ex^enaEf^g in the circurnfet ennai direciiorK ot each of t^iC column raenribers 330, 330 exisisng beiweefi Ihe pockeis SlOd.. 
31 Oe adjacent to each other \n the circumferential direction. 

[0136] in tiQ case o? ihe thus constructed constant veiocity Joint o! the ps^eer^t Irwentiorij the total nisnnber of the 
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bails 304. 304 held tn the pockets 31 Od. 3 l0e is set to 10 larger than the number (6) oi the balls incoftjorat^cf into the 
constant veiocfiy joint wiiich has hitherto hem gen era siy usad.. Hencs. evBt> I? capable d tmnsmitting a suf iciantly 
fargia iorqsje, Ih^; c-Dnsi^nJ velocity johi can bs down sized mlh a decroas-fs in weight by decfefsslng the dimension o? 
ih^ major cEamstsf. Namely a basic dynamic load capacity of a tzeppa consiant v^bcsty pint is proportlcnat to ih^ 2/3 

5 power of the E^umber of Ihe bails 304, 304 when She mapr ^mmetem oi Ihe balk 304, 304 are set ihe satr)©. Accofdingly: 
tht*5 foa^ic dynannsc ted capacity can be mads? jarger as the aJimbrsr of thf3 b?ills 304, 304 tooasRS. \n alhi^r words, ?f 
th^ &asjc dynamic Joad capacity feqisjred 3$ set squai., the mapr diarnater of each of the baSSs 304. 304 is ra^ducad 
corf^spondsng to th9 increased numbar of the balls 304, ZQ4. and Ihc' mapf d?anater of the constant vesl'DCity joint :is 
dGcroased, ihsieby aKssninc^ the dowrtsixing and tho decrease if^ th^ wei^^t o^ the consSar^S vebcky pM. 

w [01 37] Besides, m the esse of the constant veteity joint according to the present inventbn, is fessibie to mcrease 
tho tengih dimenSEOf^ of each of the coiun^n members 330, 330 existing between the pockots 310^, 310o adjacent to 
each oiher In tm cifcumfsrsntiat dkection. Therefore, a durability of the cage 309c is ensured by teiieving a stress 
aclin9 upon a cop.rtacting po?tjon between each oi the coiumn n^ernbers 330> 330 and a wnfrjenib^f 331 > thereby 
obtaining a sufNclsnt dLtrabtlsty of the consJant velociiy josni as a whota 

[01 36] EspsolaiJy when the rjymbers of the balls 304. 304 held m the pockets 3i Od, 31 Oe adjaoent to each other in 
th^ ctrcumf^rentfai directfon are »nade different ffon^ mch other, tKie balls 304, 304 are sncorporatad aftet wajtl into the 

pDCketis 31 Ge, 31 Oe having a greatef num:bf?r of the balls 304, 304 50 be he id there«>, whereby tha^e balh 304, 304 
can be thus incofpofatod merointo. Besides, I! is te-asib;e 10 restrain the iengih dimension L^^^^ of each of Jhe pockets 
310e, 310o from increassng. As a result., tfie number ot the bai^s incorporated into the oortstant veiocity joint SOIc can 
^ be increased up to ID which is by far greater than in the converHlon<iJ general structure, and In ac^:tk>n the durabiHty 

of the cage S09e can be ensured. 

{01 30] Note that the cage 309 ussd in the illusisated example consiTucled tn such a way th.Bt a cyjindricaf mGmber 
composed of a rrietal m pimched out to s'orrn the pockets 310d: 31 Oe Then, the punch-out worti^^g is. ajs shown in FIG 
ISA, carried out at three stages so thM the csrcuniference-directiofiiai Jengths of the cofumn members 330. 330 are no^ 
exJreniely dr??«?renl on the side of tSie minor dtamelsr «nd on the sids of the major dsametar with this punch-cut working. 
Moro spocpfic^fiy when forrning tbo pockots 31 Od (ar^d 31 Oe) by the punch -out working, a portson at one side end in 
the circurnierenllai direction (e.g,, a right-s^de portion in FJO. 12A) ts punched out by a punch 349; md thareaft^r a 
podbrf at the other side end in ihe dfcumfenintifii dreolion {e g,, a ielt-stde fX>flion in HQ. 12A) is piij^hed otit by thf3 
punch 349. Finally, Ihe cerstral portion is also punched out by the punch 349, This punch^ist working is sxecuJed a 

so piuraiity of times separately, v^^ereby two inside eurfsces of thepockets 310d (and 310e) in the circunnferentiai direotson 
ar9 disposed in non-parai^iei lo each oShef and the circumfefencs-dsf^ctbnai lengths of tha column members 330, 330 
do riot bacot'fie so diffaireni on the side of the minor dsameter and on the side of the major diameter, Tl-^erafore, the 
durability of each ot the column members 380, 330 can be endured by sufficiently ensuring a se:5tianai ares of each 
of the column members 330, 330 Sn contrast with this, as shown in FiG. If th© punch^iul wortogs of the respective 

^4" pockets 31 Od (and 31 Oe) are effected at one \m^, the two inside surfaces of the pockets 310d (and 31 Oe) in the 
clrcumfefential direction are, as sJiown in FIG. 12B, disposed in parallel: to each olfier and the circiiinfefence-direciionai 
[engths of the coiuiiTin members 330.. 330 becc^nne extremely different on the side oi fhe minor diameter and on •■he side 
of the major diameter. Then> the sectionat area of each of the column members 330, 330 ts reduced> with the restiit 
that ihe diirabslity of the column members 330, 330 are ensured wHh a ditRcul^y. 

^0- [01401 Moreovsr. in the case of the illustrated exampfa. as explained above, the major dtamstef of the outer hajf 
po-tion of the outer race 3 1 1 can be reduced by decreasing tha diameter ot the p:tch oiroje ot each of the rolHng members 
321 , 321 stfijcturin^ mi outar tolling membar Umrh Then, adiansatef of a pitch ctrcJe of each oi the piuraiity of sluds 
332 fixed to the second fitting flange 31 7 provtded ori the oulef per iphera? rf ace of the f^mt inner 3^ce member 31 4a, 
cm be redLiced cor responding 10 a degree to whidi ^e mapr diameter of the outer half portion of the outer race 311 

^5 decreasad. Accordingly, tha major diamaler of ihe second fitting flange 317 ;or Bupporjing and 'fixing the sSsjds 332 
can be decreased without increasing the axiat dimension of the fii^t inner race member 31 4a, whereby the wheei- 
euppoft fcMng bearlE^g tinst can be downs^ed arid reduced m rts weight more etteciiveiy. 

[01 41] A© disctis^ed above, vvfih such a contrivance that the diameter of ihs pitch circle oi each of the roiling members 
321 , 321 constituting? the outer rotlsn?? member train; ie eet smailer than the diameter of the pitch cjfcle of each of the 

^0 roliing members. S21 . 321 constituting 5 he inner rolling member frain, ths basic dynamic ^oad capacity upon -he outer 
roiling member train becomes smaiier than the ba^ic dynamic load capacity upon the inner roEn^ member train. Hence, 
if the soade applied on the two trains are ^mi It follows that a life-^span of the outer roiiing member tjain le ehorter 
than lhai of ihe inner tolihg member train By contrast in the genefaJ auiorrKibile. ihe ioad upof) the outar fxjilifjg 
member imin Is smaller than the lo^^d upon the inner ro??ing member tra?n. A design for substantially equalising the life- 

^5 spans of the two trains is facilitatad and can eliminate af uttliiy Note that the rojftng member 321 , 321 involve the use 
of the t)ai}s Er^ the illijstfated example, howevef, taper rolleis nfiight be used as tt\Q rollmg merfibers in the case oi the 
roliing bearing unit tor an automobile with a heavy weight. Ttie presejut irtvention can be^ as a ™tt©r of comm . applied 
t the roiling bearing mli invoiving Sie use of the taper rotfer s sen/ing as the rosHng members a$ described above. 
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[0142] Nsxt: Fi0. 13 shows a modified example of the nmt embodimenJ the present snvsnlion. In this mocilJte<3 

example, a cage 30'9d constltuiing a constant vebcEty jo^nt 301 d is formed with foiif poctets 31 Of;. 31 Of. The-n, these 
pockets 31 Of, 31 Of each hold two balls G04, 304. tolaiK* eight plfk-^es d! bails 304, 304. §n Ihe cme ot a striictufs o\ this 
mociifseci eKampio aJso, li is l^asibso to tncfsase Ihs i^ngth dimension of ^ach ot \Hb ookmtx members 330, 330 existing 

5 betwee?> the pock&ts 31 Of, 31 0( adjacsi^t to each oitm tn she csrcun'4fe5 ential difect son by narrowing a spactrsg between 
bs^fe S04 9D4 held In the pcickets 31 Of, 31 Of each having ^he same wKifh. ThesH; thedtjrahiiy of ihe cage S09d ss 
ensured; thereby abtasni:n9 a sufficient durabs itty ot the conetEsnt vetoctty pm\ 301 d m a v\tto§e,. 
[01433 ^l^SS, 14 to 16 shovy a, seoond modified example of Iho ihsrd embodknoni ot ii^Q pfoseni ^nvontion. in 

Xm case of the second modified exariplQ, a cage 309^ conslJtutrscj \h0 cmsiatn mlooky pint 30tc is formed m\h six 
pockets 310g. 31Dh. Then< xnm^ pockets 310g. 310h each hold one or two b;aits> totaiiy nine pieces of balls 304. 304 
In the case ot a struotym cff Ms modstisd exampie also, it Jaaaibie to toease the iarjgth amen&ten of eacf^ of th^ 
column members 330, 330 exisiing between the pockeJs 31 Og, 31 Oh adjitcsnt to each other in me circumtereolial 
dsfscticn by nafEO^vtng a spacing between the bal^^ 304, 304 h^ld in the ^mm pockets 3iQh, 3IDh, 
[01 443 Furthermof the cass of the second fnoditied exampte, ihe odd-numbef of the balls 304, 304 am provkied.. 

J5 and neverthotess the pockets 310g> 3i0h are even^iumbered Hence., as lltti$trated in FIO, 1$, there decreases a 
d?sta}>ce H between the column members OSO, 330 existing between theadfacertt pockets GIDg: 310h. Consequentsy. 
when incorpc rating: the mge 309e into the o'jter race 503B, as shoym In RGB t5 and 16. a shojifds^r portion 350 
between the ouler engagement grooves 308, 3QS adjacenl to ^ach other in the circumferential dirsctjon ^is Intruded tn 
the pockets 3109; ^^^^^ ^^9^ 309©, and the cage 309e car^ be decentered upward in F3GS. 15 and 16 ti)l the 

^ shoulder portion 350 smptnges opon the column member 330 of the cage 305e Hence, this cage X9e can be Incor- 
porated, The reason v-vhy the pockets SIOQ; 31 Oh am totally even "numbered m thfs second f?>edffted exa?Tpje that 
the cage 309e can be iincorporaiod into the oulor race 303B by mdijCfngthe distance H. Note that the second modjfjed 
exampfe has exemplifis^d the case of providing r^lm pieces ot the b-aW^ 304 304. however, U the nurraber of the batts 
304. 304 ts set to 7, the f)ockets of the cage becor-nss even-numbered by making such a design that the respective 
pockets respisctfvejiy hoki one ball one ball 304, one ball 304, on^ baJl J^4, one ball 304 and two bafis 304 In this 
case, the pocket into which 10 msort the s^ng^e ball disposed in a 1 80-degreo d3a9onai position of the pocket into 
which the two ba;E$ are tnsertod: and the distance H between the column mernbef:^ is decreased as in the case shown 
in FfG. 15. 

[0145] The constant veiocity joint in the ihird embodiment of the present invention is constructed and operates as 
so discussed above, and has the structure capable of reducing the major diameter by setting the balls for transmitting the 

rotary foitre to 7 or more, Beskles, th^ dumbil£:ty of th9 cag^ for holding th^se baSIs cm be enhanced by incre^ising the 
rigidity of the cage. Acccrdingty, it is feasible to attain the dovvj-ssi^ing and the decrease in the weigl'it of the wheel- 
support raising bearing mi\ known as the tourth-gener ation hub unit integrally incorpofating the constant vesocity pint 
while ensuring the SLfffsclenf durability. 

jEmbocfimentot Bolitng: Bearing Unit for VVJ^eetj 

[0l4gj FtQS. 17 a?xl 18 Show a fsrst err^odtmeni of H^e wheel-support Foiling bearing unit according to the present 
inventbn. An outer race 401 (an ouJer race consjnjctive member); whfch does not rotate but ts held stationary in a 

'^o state of beirsg sepporled on the suspension, inc^:jdes a firs! Mmg flange 402. formed on its Oiiter penpiiefaJ surt^ioe. 
for supporting the outer race or^ the susp^r^sion; and p\um\ \Tam ot outer race tracks 4Q3a, ^OSb tormed asong an 
inner pefipheral surface;, jespeciive^y. Ai3 Barter race cofistructive aterffbof 431 cocnpo^ed of a hub ii^^d an inner face 
430 is disposed concentrically with the outer race 401 m the inner side of the outer lace 401 . First and second inner 
race tracks 403a, 4i2a are respectivefy formed in positions on the outer peripheral surface of the inner race constructive 

^5 member 431 . which face to \hB ouler race Uacks 4D3a, 403b. Of ihe^e two inner race imck^ 40Sa, 41 2a, the first inner 
race track 408a is formed^ directly on m outer per^phei^^ surface of an intermediate portion of the hub 429. pLrrther 
the inner race 430 is externatiy fitted to a portion> cfoser to an fnternai side end (closer to a sight side end tn FiG. 17) 
Ehan the portbn formed wiih the first inner face track 40Ba, of the Intermediate pojtson of the hub 459, The second 
Inner race track 412a ie formed on an oifter peripheral Siirfaceof this Inner race 430. Then, a pSurai^ty of rolling membere 

^0 41 3a and amothei pluraiity of roiifng members 413b are so provided as to b>3 capable of rowing respecjiveiy betv/een 
the outer t'ace tracks 403a, AO'^b and the firsi and i^econd inner race tracks 408a. 4t 2a, whereby the inner race con- 
structive member 4G1 is rotatabiy supported m the Inner side of the outer race 401 . 

In the case ot the tilusij^led exari?p3e, as described above?. tt)e fsEist inner raoe imck 403a is formed directly 
on the outer per tpherai surface of the hub 429, whereby a diameter of the fmi inner race track 40Ba is set smaffer than 

^5 a diameter ot the second inner race track 412a formed on the outer per^pherai surraee of the ^nner race 430. Further 
with a eonttivar^ce ol^th us setting itm diameter of ihefirei inner race track 40Sa smai^er ilvm ihe dsameler of the eacor^d 
inner race t?'ack 412a. a diameter of the outer race track 403a on the outer side (implying an outer side hi a w?dthv,^ise- 
dirsction in a state ol being assembled fo the autOTobife, i.e., a left side in PIG. 17) which faces to the first inner race 
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track 408a> is s@t smajJer than a ctiameter of th© ouibt racs track 403b on inner side {implying a csnlrai side in th^ 
wldthwiise in tfia state of being assembted to !ha aujomoibi^e, s a., a nghJ side m RG. 17).. Furthef, a major dtaiTtStef d 
an outer halt portion m half portion on thB outer side tn the widlhwise dire^cfbn \n thf? str:>;e of bmng ms^^mblod \o the 
V0hicl«5, I.e.., a iaft half portion in RG, 17}: formed with l:f>s outer rac^ trsjck 403a on Jhe outer sid$, of the out©r race 

5 401 , is set srnaEtef ihan a major dianieter of an innm portion {a half poftion ors the central side in the wldi^avise 
dir!5ct(0f^ in the s1aJ« b^bg asserr^bted to ihe vehictfj, i s , a rtght haSI portion h FIG 17)^ formed with fha otiter race 
track 403b on the inner aide^ ol ifie outer ra.ce 401. MotBoym, m the EElustraJad exa^Ttpte; with the setting of thus ds- 
crossing th0 diamelej's of ihQ first ^nnsr rac8 lifsck 40Sa ;snd of tho outor ra-ca track 403a on iho oiiter sida, ihe numbor 
of Urn foiiir^g r7iefrf^bers 41 3ct provided bsstwe^Bn ih^ in&i inner race Xr^ck 406a arid iho outer race track 403^j ori this 

w outer Sid© Is set sn^aller thar* Jhe number of the roSSing members 4t 3b provided between the second inr^er mcB irack 
41 2a and ths outer mco track 4i 3b on the ^nner asde . 

[01 4B] M<jr0Gvsr ^.i mzond fitting fiange 407 lor supporfing and fixir^g tha whmi to the hLib 429 provfdQd tnlegrail^y 
with l\m hub 429 m m outer par^pherai surface of an external side end of the f^ub 429. Proxirmt 5Jnd$ of a plurality of 
stJjds 432 for joEr^ing the v^henl are tEXsd tO the second fiUfrig fiange 407. In tho case of lb& Wlmimt^i a pitch ckde 

J5 dlann^ter of oach of the plurality of etyds 43S is reduced to euoh a degree as to Sfm^lar^/ set the major djametor of th^ 
outer half portion of the ouier race 401 Ih&r^ the major diar«ster of the \mm half portiori as clescrit>ed above (to sudi 
a degra?? that a hea,d 433 of each stud 43^? does not inferfore vvilh the oulef per iphfsra; stirlace? of tho external sltds:- end 
o? the outi^r raea 401). Note mat a diameter of a portion, oxtstmg tnow inwards in iho mM directbn than a portbn 
tormod mt\ the tkst inner race imck 408, of the outer peripher at sudaco of the hub 429. sat smaller than a diar^ietar 
of m inscribing circle of each of the rKsiWrnt^ members 41 41 3a corresponding Jo the feJ inner race Irack 40^a The 
reaeon why so that when assemblinQ the svheef-auppoft rofJtng beartng unit; the plurality o-f rotisng members 41 35i 
are assornblod on iho atdiS of the mnor diarnetor of iho outGr raco track 40Sii formed on the snnsr porlphGraS auHaoe 
of the exiernai side ^nd of ihe outer mc^ 401 , and a sm\ ring 434 Is iniornal^y fixedly sitted to an inner peripheral surJace 
of th^ ejttsrnal side snd of the outsr race 401 , in which state the hub 429 is made insertabse into the inside-diametncai 
pGftbn of this outer tm^ 401 . Further, a w«tll-5unfc portion 435 taking a rece?^sed groove-ltke shajje ?s f orm«Jd aic-ng the 
entire pojiphen/ at a portion, botweon tho first In nor race track 40Sa and the portion oxtornaHy fiittod wjth tho inn or raco 
430. orvthe outer poripheral ^Uftacaof the intermediate portion of ine hub 429. Iheroby reducing b weight of the hub 429. 
[0149] Moreovfsr. a stop ring 437 engages with an engagement recessed groove 438 forj^ned &\mg the cnJjre pe- 
riphery of a portion, closer an internal side end of the outer peripheral surface, o\ the hub 429 in order to keep to a 

^ proper value a pressure giv^ert to each ot the pJuratit^ of po^^ing members 41 3a and another pisjrality of rolling members 
41 3b so provfded a$ \o be capable of rolling b^tvv^en ihe oul^r r^ice tracks 403fi, 403b m6 the fuBi secorxl iriner 
race tracks 403a. 4i2a by preventing ths inner race 430 fitted Oi^i the hub 429 Uom dsspiacing toward the internal side 
end in the axial direotjom. This stop ring 437 is constructed ot a patr of stop ring elements each assuming a serriicircutar 
shape. The thus consiruc^sd stop rsng 437 makes its own tnr^er peripheral edge engaged mlh Ihe engsgement recessed 
grc-ove 436 while pressing: the Inner race 430 against the hub 429 outvvBrds in the axia^ d^rec^lton m order to give the 
proper pressufc to each of t\e rolfing members 41 Sa, 413£j, The slop mgs 437 having proper thfckness dirrjensiona 
are selectively used for keeping each of mo roWmq members 41 3a, 41 Sb given the proper pressurtj even in a state 
where the force pressing the inner race 430 outwards tn the axial direction is canceled, is^ore specifically, there are 
prepared plural types of stop rings 4S7 sfightiy dffferent from each other in terms of their thkskness dtrr^ensionS; and 

'^o the stop ring 437 having the proper thickness dim^n^ion in relation^ a dimension of each of the eonstructiivs merr^bers 
of the rolling bearing unit such as a groove width ot the engagement reoeesed groove 436^ is chosen and engaged 
m\h the ef]ga9en6ent recessed groove 436 Accordingfy. wh^n ti is^s seleded stop fSng 437 engages with ih^ tjr^gagerfsent 
recessed groove 456. even if the pressing force Is canceled, the ir^ner race 430 is prevented from displacing towaid 
the Internal side end In the axial directton. viitsereby each of the railing members 41 3, 413 cm mtm{f\ to be given the 

45 proper pressure. 

[0150] FLulher> a part of a spacer 448 is dispo^sed aJong the perfphery of the sJop mg 437 m order to prevent tj'ae 
stop ring 437 from being unintentionaity dis^igaged from the ettgagemeni recessed groove 436 due to outward die- 
placemeniSs in the diametrical direction, of the pair ot stop ring elements const^utlng the stop ring 437. This spacer 
448 is a member for supporting a boot 438 for preveriting foreign matters siich as rain water and d^jsts etc from per- 
meating into a consfer^t velocity joinl 410a const rue led of a housing an it 411a provided at Ihs internaf side end oi the 
hub 429 in such a way that the e)^terna^ s^de er^d of the boot 438 i$ tittad on the spacer 448. J^ote that ihis boot 438 is 
integraiiy formed of an elastic material euch as a rtibber a^d a eynthetio ressn etc. wherein an in^ern^ediate portion of 
the boot 438 is forrried In a belbws-llke tx»^iguraij«Xi, arsd bo^h edges thereof are forrried in a cylifjdrical shape., 
specttveiy An external side end of the thus constaieted boot 438 ?s fitted on the m&i^l spacer MB exlemafty fixedly 
^5 attached to the internal edge of the hub 429 by inter! e re nce^iiling, and is prssscd against the outer periphoral siirfece 
of this spacer 448 hy £t presser bend 439.. Nets thai tt'te Inner peripherai &tii1aca of the externai side end o\ the boot 
4S3 engages along its entire periphery with the engagement groove 44Q fostt^ed In the outer peripheral surtace of the 
spacer 44S 
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[01 §1] A ponioTf, protruding outward in th© axial difecUon from ihs boot 448. at Ih^ sxl^rnaj side sdge of the spacsf 
448 is fofmed fn a crank shape in section, thus constituting a pressef portbn 441 along tha antire periphefy For 
const itiiting this ptes^m portion M1, spacer 446 is constrDctsd of a sTraiWEamstisr cytind;r:ir.af portion 442 tixeciiy 
titt^^ ori ths IrEterncd side end oi the hub 429.. a ring portion crooked stiward ir> the dlamstrical dlfectton Itom ihe 

5 axternaJ sid© edge of ihe stmlt-djameter cyStixiftcal porison 442. and a iaf ge^Jiarneter cysindslcal poftoi 444 c-xjoked 
oiilward m the skeh} dtmcison irotn m ou^sr periphefai edge oi this ring pofiion 44S. Thm, an oaiot surface of thi? rir^g 
po-tion 443 among these cof:por!:enfe 3S brought into contact with of dtspoaed in cfose proximity facing lo the inner 
surface of Sh0 stop mg 437, and an innof periph^^raj sudaca of thQ larg^^-dlam^W cyiiindrlcai porilort 444 is brought 
Into contaci wsih or disposed if! clom pfcximity facing to outer pef spheral surface oi the slop ring 437. Furthsr. a 

w seal ring 434 fs provided betv^een the inner perEphera! surtace ot the externst side end of tha outer race 401 and the 
outor peripheral surface of the intefmedicits portiw of ihe hub 429. A oombination soal ring 446 provided between 
the inner peripheral surface of the fnfernaE side end of the outer race 401 and ihe outer perlpherai s^jr-act^ oi She {niernal 
$id© oi tha inner race 4G0. Oper.ings at bolh ends oi & spacer 449 fn wl'iich the plurality ot rojiiiig niernl:?ef:s 41 3c 
41 3 ars dtsposisd, arc sealsd by these seat rings 

[OlSS^j Further, a housing mix 411a serving ae an outer raoo o! constant vofoojty ptnt 410c is formed at a portion, 
on wlisch Ihe inner mc& 430, the sphc&r 448 and the stop ring are titled, at the ^nJernat ssde end of the hub 429. An 
Inner peripheral stirface d thJf> hos.jsrog unit 411a is farmed vvilh e^ighf streaki> of OiJier engageiT^ent groove?^ 426a; 
426a The engagsTTieni grooves 426a. 426a each faking a circular arc configLsration in section when cut off by an 
imaglnsFy plane orthogonal to tho cofitral axie of this housing untt 411a, are formed in a directbn rl0^t-ang{ed (in the 

^ f ight-and'ieft direction b FIO. 1 7, and in the surface-^rtd undarsfde directson in FIG . 1 S) lo the oifcumierential direction 
Moreover, m inner race 422a for conet^tiiting the constant vetocity joint 41 Os m combination with the housing unit 411 a, 
is disposed inwardly of the housing unit 411a.. An outer penpherai surface of the inner race 422a is also formed with 
eighi streaks ot inner engagemsnl grooves 42Sa, 425a, each takinc|a csrcuferj^rc configuration in secllon when cul of 
by an Imaginary p\m^ orthogonal to the central ax^s of this inner race 422a, in the direction rlght-anQJed to the cijt^um- 
f ereni ial direction . Then, totally aight places of bails 424, 424 are so provided piece by pteca for each of the engagement 
grooves: 425a, 425a as to be capabto of rotiing between those inner engage rriont grooves 425a, 425^i and the outer 
engaserr^ent grooves 42Ba, 426a In a state of being held In poci<ets 427 of cage 423, Furtherrnore, a spJine ho3e 447 
is formfsd extending tn Ihe axiaS direction ^t jhe cent net! pori^or^ of she inner race 422a An edge porfjon of one sh«it 
(corresponding to 5 in FIG, 21) is spline-engaged v^lth the spline hoi@447 in a stase of being assembled to the auto- 

so mobile, whereby the hub 425 can be rotatOTally driv^en through the eight pieces of baSte 424; 424 as well as through 
the innsr rmB 422m, Note thaf the cage 423 constittsling Jh^ above constant velocity \mM 4iOa is held between the 
outer periphsra: sirrface of the snner (me 422a and the mmr peripheral sujiace of the housing unit 411a, aind the 
plurality at pockets 427 each cjJongating in ihs drcumterenttai O^reclion are formed in positions aligned with the above 
two engagemeni grooves 425a. 426a. 

^ [01 S3J On the other hand . a screen boe^rd 421 lor ebsing b centi^i spatisi pDiilon ol the hitb body ts lintegrafly pfwided 
at the center of a central poftlon of the hub body 429^ thereby snsurh^g a Elgidity ol the housing unit 411 a and prevonting 
foreign mattors from permealsng tnto the oonstant velocity joinj 410a frorr^ o^jtside. 

[0154] In the case of the yvheeJ-supporl roiling bearing mix according to the present inventjor^> the two groups ot 
inner and outer engagement grooves 425a, 426a do not take a sample circisSar arc configufBtbn tn section; and radii 

'^o of curvature of the$e sectional donfiguraiions are made different from: each other at the groove bottom area of each 
of \m engagement grooves 425a, 426a and two side portions proximai toth^ respective operting edges, To De spec if ic, 
eiich of er igagisnjent grooves 425a, 426a lakes an eiiipsie ^akes m eiiiptical shape tn section m which the diafTieirical 
directiojii of the co«is!ant velocity joint 41 Oa is set as its major-diametrical direction, or a shape of Gothic arch, thereby 
comparatlvety deoj'easing cufvature n^kdli ri>^a> {down to, e.g.. 0.504 - 0.6Vfold value ot the major diajif^ter d ot 

^5 aach baii 424) of the groove botlom: mm^ o! the engag^meni grooves 425a, 426a, and compar^jivafy incrssasfng 
curvature radtt R25a, R26a (up to, e.g., 0,5 1 - 0.524old value of the mapr diameter d ot each bati 424) of the iv^o side 
pojiions close to the opensng edges (r^s^j < Rgs^^ and r^^^ < Bgea) describad above> with a contrsvance about the 
sectk>nal configuration of each ot the two groups of inner and outer engagement grooves 425a. 426a; S is possible to 
increase the contact angte betweer^ the inner surface of each of the two gro jps of inner a?id outer engagement grooves 

^0 4£5a, 42€>a and the roiiiiing surface ol each ball 424. Therefore, the durabstity ot th>3 consSanj velocity pint 410a cm bo 
ensured by augmenting the load capacity of ihB constant valo.-iiity {oint 41 Da. Further, tha respective bail 424 are hard 
to run on the shoulder porticos ol tho two groups of inner and outer engagement grooves 42i5a> 425a, Jheroby making 
it f^asfola Id pj^vent an exotssshre surface pressure bastjd or ^ the edge lo^d Uoni acting in tf^e fo^^ing surface of each 
of the bails 424, and ensur© the eKfoiiation iife-span of the rolling surface of each bsW 424. 

^5 fOIBS] Moreover, tn the ome ot the wheel-support roiling bearing unit, me nurnbef of the t^o groups of Inner and 
OUI01* srigagemeni grooves 425a. 426a and the number of the bails 424, rio each sot to 7 or rrsore (3 tn iho caso oi 
the present embodimej^t). Then, it a ratio {- R) of a diameter d^ of a pitch circle of each bail 424 to a diameter 
€% of a pitch circle of each of the rolling rriembefs 413fo, 413£> constituting the inner rolling body train, is set to 0.49 
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through 0.63, Hence, mm when the number erf the baiis 424, 424consts;uttng the constant v$joolJy |oin} 41 Oa i§ set 
Id oym 7, it is teasibie to ensyre a foSSmg tstigije life"Spai"s of tha tnnar su?1ace of each of the two groups of tmm and 
otaer engagement grooves 42Sa. 426a by r estminmg a me in Ihe> canlact surJace pffsss^^jre ot t^-r^ impingefneni-portion, 
which invoives increasing {he major demstsr of each bail 424 and a?so sn:argsng a contact oiilpm existing in ihe 
[jnplngernsj'jt pofJion Detw@eE> the rolling suftstee of sacsi of the baii^ 424, 4S4 and ihe inner suj-face oi mch of ihB two 
groups of mfsrand outnr mgr^g^mmX grooms 45t5a, 4S?6a. r ur^hefrrsoft^ th<3 dufabtlity of ihe cf^ge 429 can b& omw&d 
by securing the width of mch oi the cosunin msmbsfs 428, 428 existing betweers im pockets 427, 427 lor hoJding the 
resp>3ctiv«} balte 424, 424 so as lo bcj capab^G of rcMln^ with rQ^pect to the cagsj 423. BesidisS; it Is posstbio to fT^ake 
such a design thai a part of Ehe oui^f engagement gfoov€ts 42da, 426?J ar^ d5^3posed ofJ jntK^f side if^ the diarrietfical 
direction of the Jmfr> oi the snnef foiling nrvembers 4" 3b, 41 3? provided along the penphery oi the ^nner mce 430, As a 
result, a pad of the body portion oi ths toWmg bearing unti construed Jnoludirtg the mm ol the tuner rolling membere 
41 3b, 41 3b, can be overlapped with a part of the consiani velocity joint 410a in the diametrical direcison, whereby the 
down^sizing and the d^cf ease m weigj tt of the vvheei-suppOEt rolling bearing unit cm be attair^^d by reducing the axial 
dimension of the wheet-sEJpport roSiing bearing unit called Ihe fouslh-generation hjjb unst 

[01 06] As 'he rat jo % R) of the djameter d^ of the pitch circle of each of the balls 424 lo the diameter d2 of the 
pitch circle of each of the roing men^bers 413b, 413b becomes lees \hm the pjlch dwio oi the balf 424 

hecomos [arger, in which case ft ts diffloijEtto redjjce the weight oi the \vhoei-sj.ippori roiiing bearing im\ mown as the 
tourth^gGnoration hub unit. 

[01 $73 By coiUrast. as the vait^e of d|/dg exceeds 0 63^ the dtsmeter of the pitch ctrde of each of the rolling 
members 41 ^b, 41 3b constititting the inner rolling bocJy train decreases^ st wt^ich ttme a thickness of the housing unit 
411a decreases, resulting sn a detic^ency ot the slrength of tits poftion. 

[01 $85 Fc^^owing labio shows test delta when soieciing the pilch csrcjc dtamoters d^, in amm ways. 



Di/d2 


OA? 


0.49 


\ Q..67 


0.63 


0,65 












1 1 


Strength 0? housing 


0 

i-» ! 


0 








Docfoase In wetght of hub unit \ 




0 


i 0 


0 


1 0 i 



[OlSSJ \n the above table, the mark O indicates *"acceptabie" and Ihe mark X indicates 'non-acceptabie'. 

[01 60] The operation of mtjaablv/ suppofiing the whee^ on the suepofsebn throtigh the thus cor^etrucf ed whee? c upporS 

roiling be<?rtng mil m \hm embodiment^ is lh$ same m that of the pmt art whe^f^5!Jpport (o\lm.g b^ai^ing unit described 
above. P^rticuiariy, in She mse o? the wheet-suppoh: rattling bearing mt of ^:he pfesent invention, as explained above. 

oven if tf>e cilmenss<»i of the major diameter oi each of the plurality of balle 424 constittit ing the constant velocity joint 
410a is reduced to sotm extent, dtirability ot the housing unit 411a can be amply er^eured, and the downsizing and 
the decrease tn the weight of the wheel-support rolling bearing unit cm be attained. 

[01 61| Fi^riher, if: me case of tS^e illustrated exanipie, as discussed ahove, the major dsameter of the ouier haft porlbn 
ol tho cuter race 401 can be reduced by decreasing the d^afr^eter of the pitch circle 0! each of the rolfing rnembofs 
41 3a, 41 3ti forming the outer roliing membet train. Then, the diameter of the pitch ctrde of each of the plurality ot stads 
4S2 fixed to the second fitting fiangs 407 provided on the outer peripheral suslaoe of the hub 42$ cm be reduced 
corresponding to a degree to which the map^ distmeter of the outer hall po?t£on of the outer mca 401 is deoi^eased. 
Accordingly, ll ;s teBsibie lo aliain the downsizing and the reduclton In the weight of me wheel-support rolling bearing 
unit nnore ei^^sctiveiy by decreasirig IhB major diameter of the second fitting fiange 407 iot fixediy supporting the studs 
432 without increasing the axml dimension of the hub 429, 

[016^3 As discueeed above, with the contrivance of maKing the diameter of the pitch circle of each of the rolling 

members 413a, 4t3a constituting the outer roii^ng member train, smaiier than the dtsnioter ot pitch circfe of each ot 
Ihe loiiing rnernbefs 41 3b, 413b cor^slitutif^g Ihe kmB^ jo^^iag msjnibs;! tfain, ibe basic dynarT^ii; iioad csipacity upon the 
outer roiling member tr?iin is emptier than the bsssic dynamic load capacity itpon the inner rolitng member imm. Accord- 
ingiy^ it the loads upon the two tram are equa], the life-spar^ of the outer rolling member train Is shorter than that ot 
the inner roWmg member train lr\ contrast with thts, in the genera! automd^ile, the load applied to the outer toHing 
member train is sms^ter than the load applied to the inner i^oiiing member trafn. Herjce, the design for substantiaiiy 
equalizing the i^ite-spans of the above two roHing member trasins cm be facilitated, and the design mih no tutiiily can 
be attained, ftoe thii\ the ba^is are tised as the rotting members 4i3b, 41 3b In the illustrated exampte. however, in the 
case of the m automobile-suppofl rolling bearing mii with an increased weighty taper rollers might be used m the 
roiiing members in sme casee. The present inventior'j is, as a matter of coiirse, app^bable to the rotting bearing m\t 
fnvoiving Xm use ot the taper ro^tsrs ser^/ing as the rolling members as described above. Other configti rations and 
operation are basicatiy the same a^ tho&e in the prior an structure, ot which the detaited expfenation is omitted. 
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[01 $3] Nsxt: FIGS. 1 9A and 1 98. show a modified e)^mpte oJ Ihg roiling bearing unit. Th§ present nnodifi^d exannpJs 
axempfiiies a friOR? pref^srable case of sectional configij rations of outer sngagemef>t groove 426a and of the inner 
^ingage^rteint groovtj 425a ?n accordance wi^h tm vnodiimd exafi^ple, {h^i mdlim of ciitmlure of ih?i groove boiiom arm 
of ©ach of Xm two groups of outsr ar^d mrm sngagemont grooves 426a, 425a is smaller than the radjus ot curvatiire 

5 of ths rolHng suslace of the ball 424. Accofdmgsy: the foiling surface of ball 424 is not brought into cortlact with the 
groove? boliom af*?a of e?:ch of fhf? two grojjps of otJief and inn^r engagems^nt grooves 42Bs, 4S5a. Wtlh such a con- 
figuration beeng tak^n, the edge load :E£ more eltecttveiy prev^n^ed trom occufimg on \he rolling surface ot each ba^l 
424, 'vvt^^fe^by th^ exfolif^tion lito-span ol tho rcllsng suftace of each ba^i -424 can fjn^Ut^d, Fufthor. tJ•^^^ contact angle 
beiiween Mm Imm sudscs of the tvtfo efigagemsnt gfocjvtjs 426a, 425«J and ttie foiling sudace oi the wspmiw ba?is 

?c? 424, 424, om be rmdQ much Isfger. It is Iherefofe possible to tutlhef enhance the durabiiily ot the constant valooity 
joint 410a by tereasiftg the teet capacity ct the constant vetocfty joint 41 &a Othof sonflgumtbns and operatos am 
the same as Ihoscs in ihe example shown in FIG,. 17. m6 hsncs Ihs dataifeci sxpsanBtson Ihersof is omiitted. 
[0164J MoFQQVsr; FtQS. 20 A and 20B §hovv a §^coj'5d rnodifi^ci exatrspte of the soJJing beafing unit oi th© present 
Enventbn in ihe second modHied sxamplij; mch oi ih^ two groups^ of outer and inner eogiagernent grooves 426b, 425b 

has in lerms of tho sectional comigyratlon thereof a larger radius of curvature than the curvaJyr^j radius P^4 of the 
ro^iing sur'face of e^ich of the balls 424, 424, and the above sectbnssi configuration is shaped by a pair of oifcular arcs 

meeiing aach other at the groove bottom area of each ot the two groE^ps^ of outer and imer ringagemoFTl cirooves 4?6b, 
425b. Mom specifically, th^^ centers 1 g the curv^aiure radii of the respective circular arcs are otiset each other in 
difecttons opposite to each other on the basis of a chain line Indicatirig the center of the groove widih oaoh of the 
^ two groups of oyJer and inner ar^gagerf^ent grooves 426b 425b. U shoutd bo noted tf>al the bottom of each engagement 

groove ?s forrned as a cun/ed suflace gentfy conttnuous to both of the mmr eiirfaces so that the stress does not 
concentfate. Other contigurations and op orations are thQ: aarne as those In iho tmi modified sxampie discussed above, 
and :he detaiiad explanation IhereoS" is therolora tiled. 

[0165] Note that as prevtosty i^^u^traJed in FIGS. 1 7 and 18: in the case ot the constant velocity joint 410a in the 
embodinf^enl wherein the nwmber of the balls 424 ss set to B. Ihe rmpr dsOTeSer of the housing unit 4 11 a is set sfr^aUer 
than the major djametor ot tho hot.i^in9 unit 3A of the constant voiocsty jomi ia including the six baSSs as in the prior art 
structure previously shovvn FtG. 2$; thus attairiing the cfownsixjng and the fediJCt^on In the weight of the wheel- 
support rowing fcejaring mil integrai wilh the constant velocity pmt. Thys, it is pceferable to comply with the condtJiCjns 
v^ich will hereinafter be explatr^ed h the case <rf reducing the major diarr^eter o{ the housing i;nft 411a by decreasing 
so the major diann©tef ot sach of the balls 424, 424 as well as increasing the number of ais bails 424 l^amefy, 

0.90 ^ d,/d^ 0.95 

whew dp ia ti'ia dtametar of ll^e pitch circle o? each of the bals 4 constituting Jhe prior ar; cotislant velocity joint shown 
in F!G . 25. and d| Is the dlafr^ater o! the pitch ci?cle of each of the baHs 424 co^vstjtuting the consifttn! veJocity joint 410a 
of !he prsssnt invention. The reason why so wtj] hsieinafter be clucidsled. 

[0166] At iifst. as d^/do Is less than O.&O^ the diameier d^ Is reduced in the case of ihe present Invention, in which 
case th© major diameter ol each bail 424 beeves too small, and the contact surface pressure of the impln96ment 

'^o po^. Km between th e re$ pBot Ive bal is 424 and th e In na r and oi! te r engagemen ; g rooves 425a .. 426a beoom es excessiveiy 
high. A,e a result, there declines the rolimg fatigue iile-span of the mo groum ot inner and oitter engage-rjent grooves 
425a, 426a, which is not ihofefure pjeftiiabla. By conij^tsi. as dj/drj becornes latg^r than 0 95, the djarr^eitJ: dj 
Increased in the case of the present invenHon, in wh?ch case the major diameter of each of the bat^s 4g4. 424 becomes 
too Jargo. Therefore, the diametef of the oircun^echblng circle of the bottom of each of the outer ongagoment grooves 

^#5 426a, 426a Increases, with the residt Ihsit Ihe downsl:e;ng and the feduclion in Jhe weight oi the wheel-support reeling 
bearing unit encorporating the constant velocity jo^?T;t can not be effective fy attained. Thss is not ftkewlse preferable. 
Turther. in this case, the spaoij^g between the baiis 424 js narrowed., and there diminishes thadroumference^iractionai 
width of each of the column members 42S, 426 existing between the pocJ^ets 427 for eupporalng Ihe respective bsdls 
424 so that the balls Bm capabte of rolNng Hence ^is migN be a cause tor a decline of the durab9«ty ot the cage 423. 

5^? [0167] The wheel- support rotling bsar^ng unit according to the prasent in^^nttof^ is cGnstrucled and operates as 
descnbed^ above.: and can be th'Srafora downsized and reduced In Its weighs, and btss^de has the ^jtiflicient dLuabiitly, 
[01 6S] The present invention has mm) discussed by way of the ombodlmonte but may be modified sn many forms 
X¥ithtn the range of ihe gist of the present ifwefriion> and ttese rnodificaliofis are f?ot excluded frofT) the scope of tfje 
present Invention 
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1 , A cortfi Eiint v^s loc fiy pint compr j s in g: 

an inner race: 

lortef engagem^^nt gfXK5ve§ e^ch taking a cUmlm ate in sectton and fomnad in a plur^iffiy oi bcalbns an 

outer peripf^erali surfstce of sa^d inner mcs m a direction right-angted to a circumferential dtf sction; 
an outer v^b provided f^teng a perlpheiy o? said inner race; 

outer engcigern^iT^ gmovm e^ich taking a clfcuiar arc in sBctiofi and formed in pomlim^ iack\g to said inner 
engagement grooves on an mmr pB(\phBm\ surface of said outer race m. the dlrecJ^on right-angled to the 
ctrcumfercntfat direction; 

a cage sanctw'iched In botwa-en an ouier psrsphsmi surface of said inner rac$ and an inner p^fipfieraJ surface 
of said outer race and fojrned with pockets each eiongat^d in a circymterantsaJ dis ectioj^ in po^ition^ ahgnecl 
with said inner erigagcmenl groove and sssd ou^er engagemer^E groove; and 

a plurality of ballB niado capai^ie of rotting atong said inner en^gement groove and said ouJor ongagemont 
groove In a state of fceincj held inwardly o? the pockets, 

wherein an axiaS crossing mgle beivs^een d central axis of sasd Imm race and a central axit^ of saki outer race 
IS Disected: 

said baJis «tf e disposed wslhtn a bisectiofi plsne orthogonai to a plane including ttiese jw/o central jsxes, 
at least a par^ of ssid pluraliiy of pockets are capable of hotdirtg said plura^liy of bails within said stngle pocket, 

and 

a total numiber al balls is 7 or more. 

2, A constant velocity jdnt according to claim t . wherein the tiumber of said pockets Is sven-numbef ed, and 

thJ3 number of said balls held in eac^h of said pockets ss different 

3, A constant velocity pkri accojxiing to cten 2: wherein the numbei ol said pockets m 4, 

the number of said balls ts 10, 

th© number of said Ms hstd In each of said two pockets existing on the opposite side in a diametrical direction 

is 2, and 

the number of said balls held in aach of said remaining two pockets is 3: respectively 

4, A constant velocity jdnt comprising: 

an inner race: 

Inner engsigemcni grooves eacl^ taking a circular arc in section and sormed in a ptsjraiity of {ocaiions in a 
circumferentiat dtr^otson on an outer peripheras surtace of said inner race in a d^recliort nght-^ngled to a cir^ 
cumferentlal dtrectior^; 

an outer race provided a^onci a penphery o? said innar race; 

cuter engagement Qirooves each taking a circular arc in section and formed m positiojis facing to said inner 
eftgagesrrttjnt grcjoves on an mm peript^efai surfact3 of tjiiid oaim raoe in the diradjixs right-anglisd ic the 
circu5T5farentEat direction: 

a cage sar^dwtched in between an outer peripherai surtsceof said Inner race arid ar* inner peripheml suiface 

of said outer mm and fo^rr^^d with a plura% of pockets each elongaj^d in a circumf areniial direoUon an positions 
aligned with said [nner engagement groove and said outer engagement g^x^ove; and 
a pyrallty of basse mada capable of toWtg along said inner engagement groove and said c-yfer erigagasneot 
groove in a state of being held iriwardiy of the pockets^ the numberof said balls being the same as the number 
of said Inner and oyter engagement grooves, 

wherein an ?^iial crossing angle between a central axis of sa;d inner race and a central axss of sad outer race 
i$ bisected. 

said balls are deposed within a bisection plane orthog<»ial to a plane including these vm cental axes, and 
If B ratio D,/d^^ of a dicjrritjter of ihe outtjr peripheral stiifacc? of saki cage? to a pifch d'cle dlarjietef d^.^ of 
each of sasd piyrafity of balls is set Id . md if a ratio d^/d^^^ of a diameter of the inner peripheral surface 
of said cage to a prtch ctrcla diamsler is set to r., them are relationships siuch as 1 .06 < Ri <1M and 
0-345 <rt< 0.998- 

5, A cor^stant veloc ity joint according to clalrT^ 4., wherein a ratio of a n^jor dsarr^eter of said each ball to an average 
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thiekness of shs ca^e which is expressed by 1/2 of a difference bsfween a ci«am«ter qI ths oui^r peripheral 
surface ot said cage and a diarnetef cL of the outef periplierai surlaca of safci cage, fias a relationship such as 
0 16<r|<0 30. 

A eoE^stant vsfocity joint canprising: 

an inner race; 

Inriijr engi^gemen! groov^^ ©ach taking a Cifcufar i^ifc in sscibn and :cnTi>3d eight local ^ana at an equal 
Inierva? in acifcumferenlat d^fectiorf on an outef pef ^herai surface of said ^nnsr fac^ ;n a direcEion nght-^inQied 
to the circumfereF^^ia! dtrsction; 

an outer mce provided atong a pGrfpher/of said hmr race; 

cuter Gngagement grooves each taking a ctrcular arc tn section and formed m possJicns 'ac^ng to said inner 
engagement grooves on art tmm petipheral surface ot j&aid out^r jao$ in ti'ta dij<$c1iof^ fightrangl^ to the 
ctfcumfcrGntiat direction:: 

a cage sandwiched \n botween an ouior porsphemi surface ot safci inner race and ar* irmt per^heraJ surface 
of said outer mce and tormed with e^glii pockets each eJongaied ia a cfrctimJereatsaS direction in postto^s 

aligned wilh said inner eng^igement groove and mid outer engagerrient gnc-c^-'e: and 

eight pieces oi baiss made capable of rolling abng ssiid inner engagement gtoove and sajd outer engagement 

groove In a slate ot boin9 es^gty heid inwardly in each of tho pookotS: 

vi^erein an mh\ crossing angle between a central axte of sssd Inner face and a centrBl sxie of sasd ouler race 

bisected, 

mid 'OBiiB mo dispoaod mtfim a btecction plane Oiihogonal to a plane including tJiCse Jwo csntrai aKOS, and 
If a mtio y is s^t lo i^, there is saisstied a reiaUon^hip such m. 

whero Dg. isth^ major diameior of said each bal?, w is fheoircum3er«rtc«j-dtr4ictbnal wid^ii of «ach of fhti column 
nrsembers existing between the pockets adjacent fo each other ?n the circumf erentfai dlrecJion wish respees to 
said cag^, and % i& the diameter-dsrectlonal thicto'sess ot each ot the column nr»embers of said cage. 

A rolling bearing unit for a ^^vheei, comprising: 

an outer race cx^ns^fLfctivs member inc^udinij fespecliveiy a fjrst Mhg ftoge^ formed on an outer peripheral 

surface;, tor supportsng sa\d o-uter race constructsve rTiember on a suspension, and plural Imns of oater race 
tranks formed on an ^r^ner poripheml SDrface, said oyter mce conalructive mernber not rotating whm used; 
an inner race constnioiive member hfiVing the other side end portion formed as .a hotissng unit serving as an 
oufer race of a consJant vetocjty joint, said inner race constructive member rotating when used: 
a plurality of roiling members so provided as to be capable of rolling beJween said outer race tracks and said 
inner race tracks: 

an inner race provided on an ^nner ssde oi said housing unit and constituting said constant velocity jojnt: 
outer ertgagejmenl grooves t^ddi taking a cEfCul^f a^c iri section and fofmc^d tn a direoiiojt rtghi^ngied to a 
circumferentEat direct son in a plurality of positions in the ctrcumferentsat directbn on an Inner peripheral surface 
cteaid housing isnit: 

a plural of inner sngBgement grooves each taking a circular arc in section and fonT^ed in the direction right- 
ajigied to the circumferer^tia^ cifrection tn positbns facing to said outer en9a9ement grooves on an outer pe- 
ripheral surJace of said inner race; 

a cage eandWEched In between an outer penphoral surface of said inner r^ico and an Inner pertpherai surface 
of said housing mW ar^d Jor?"neci w^th a pkirality of pocj<jets each elongated in the circumferential direcJion in 

posftions aligned wi\h said inner erigageiitent gfoovss and said oiMi engagamsni: groov'Os, said cage consti- 
tuting said constaf^lveteily joint: and 

a plurality of &alts so provided as to be capable of f oiling along sak^ inner engagement grooves and said outer 
mgagefj^ern grooves between said outer ef ^gagisnftent gf ooves and said inner engagemerst grooves irj a stats? 
of being held inwardly of the pockets, 

\stserein m axial crosssng ang^s between a central axis ol said mmt race and a central axis of said housing 
unJt is bisecied^; 

satd bails constituting said constanf veiocity soint are disposed on a bisection plane orthogonal to a plane 
inctuding these two central axes. 
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th© number of said oyter and inner engagement qroo^fm and the number ol the baHs are each sei 7 or more, 
a retdius of euivalure cff mch oi sac!io?'ias contigufations of said two groyps of oufer and inner engagement 
grooves wnsn cut of! by an fm:ag{nafy plme orthG^jonal io thi^ cenJr^il mi^ ol said ho^mmg unit o-r o^ sad innsir 
race m made sma! lor al each of groove bottom m^m of St«d two groisps o( outer an6 inmr ongagemenJ grooves 
afKi «Tad6 tscgef at both of sfcfs ertd pojticiis proxiiTsal to respective evening edges^ and 
if a mt\o d^/d^ ol d^to dg js set lo Rj ihete is a rstalionshsp such as: 



0-49 s; R s; 0-63 



^NhQm the} pitch circle dfemeter of each of said balls constSistlng saJd constant veJoci^y joint, and is th© 
pitch circte dsameterot each ot said rolling members caisti luting said inner roiling msmfcer train o\ said piiLjfaliiy 
of roiling member trains. 

A roiling bssrjng unit for a whesi accordsr^g to ctelm 7, wh&rsjn a seoJIonai confi^uraJson of ©ach ot said two ^jroups 
of outer and mmi engagement grooves has a curvature radios larger than a cmvaium mdhM of the rolling sudace 
Oi said each ball, and i?^. formed of a pair of circular arcs mr?eting each othef at the groove boSiom area oi each of 
said two groups of outor and snnor ongagement groovos. and 

cmxm oi the curv^aturs mm ot mm circular arce are a&m each other in directions opposiia to aach other 
Of^ the basis oi Ihe center of a grove width of each of said two groups of ouier mid inner etngagemsnl grooves, 

A constant veJociiy joint Gornprteing at teast eevan ball bearings {1G4; 204: 304: 424} bM a cage (109b: 2D9b: 
309c; .309e; 423} having a piijraisiy of pockeis [V^Ob, 110b; 210; 310^, 31 Od; 427} for recefving said bail bsarings 
Vrfhemin tha caga Is siz^d r^&iatsva to tha ball baarings to optimise size raductio«i ot tha joint io ir^iprova the vvork^ng 
lite span of tha joint and to avoid damsge to the caga by hrjplr^gement of the bail bearings on rsdiaily Inner or 
ftJdi<;;[y oittar c^dge poftions of said pockeis. 

. A roller b^arir^g umi comprising an inner race (430) supporled for relative ro:atlon instde an oaier race (401 ].. said 
Imar raca fixed to an oister race (411 a) of a constant \^alocity joif^f (410c). said constant velocity pinf having a 
piuraiify of outer engagsmant grooves {426a) in said outer raca and a plurality ot innarengagmrtant groovas ;425a) 

h an ;nn>3r race {422a) for recetvlrsg !-espeCiivi3 bail bearings {424), whereif: a centre of curvature of th>3 grooves 
at a contact surface of aach of satd grooves w?th a respective sa^d ball bearing Is large relative to tha^ at a base 
of oach ol said groovos to incroa&e the ang^o of said sroovos at oach ot said contact sujtacos with a direction In 
which a tod is transmitted therelo by aach ol said raspacfive bai? bearings. 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. I I 




as 



EP 0 9S0 824 A2 
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